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“OREWORD 


Winding machinery, like all of man’s mechaniza- 
tion, has been made to meet a need that existed — 
seldom has the machine preceded its product. Accord- 
ingly, over our years of specialization in the manufac- 
ture of winding machines, we have designed and built 


machines to meet the changes in coil conception. 


Careful obseryation shows that, during the past 10 
years, no basically new coil shapes have been developed. 
The art seems to have stabilized to a point were present 
technique will stand for some time, therefore this book, 
our first effort to publish a manual or handbook devoted 


solely to coil winding, will fill a long realized need. 


It is my sincere hope that this book will help expand 
the art through a better understanding of machine 
mechanics as well as utilization, 

March, 1954 


ey Vtorme 


PREFACE 


Whereas most tadio components are of standardized design 
and are consequently produced in large quantities with the aid of 
semi or fully automatic machinery, coils have always been custom 
made and custom designed, and their manufacturing process has 
always been dominated by manual operations. ‘The decision of 
the engineer who plans to use a coil is often dependent upon 
other inherent characteristics found in a coil, instead of its induc- 
tive value alone. Certain undesirable characteristics can sometimes 
be reduced while still maintaining the desired inductance of the 
coil, by changing coil size, configuration, winding tension or wire 
size, to name the most common variables. 


As a result of this, a wide variety of coils are constantly in de- 
mand and a specialized industry of coil manufacturers must daily 
face the problem of producing the many different types in sufh- 
cient quantity and uniformity. It is obvious that only a flexible 
coil winding industry will meet these requirements. T'urther, it 
can easily be understood that the flexibility of the coil winding 
industry is almost entirely dependent upon the design and fea- 
tures of its winding machinery. Consequently each machine 
should allow the greatest possible variety of coils to be wound. 
lurthermore, it should permit speedy changeover from one product 
\o another. Keeping setup and tooling cost at a minimum is 
uccessary in order to permit economical production of small coil 
quantities, In addition to these features, the machine must wind 
accurately and efficiently, Therefore, the construction, application, 
Tange, proper setup and maintenance of coil winding equipment as 
well as the mechanical considerations necessary for a good coil design 
are the main objectives of this publication. 


The technician and setup-man will welcome the many sugges- 
tions that are offered, and they will save much time in solving 
coil winding problems. For the engineer and designer this volume 
presents modern coil winding theory, current practice, time saving 
alignment charts and gear tables 


VII PREFACE 


‘To Mr. George Stevens, a recognized pioneer in the field of coil 
winding since 1927, goes sincere gratitude for his efforts in making 
this publication possible. Appreciation and sincere thanks must 
also be given to Dr. A. W. Simon, not only in recognition of his 
well known fundamental work on the theory of various types of 
windings, but particularly for his kindness in checking and analys- 
ing the geometrical subjects treated in this publication. 


A bibliography of presently known previously written design 
information is included at the rear of the book for reference. 


Wm. Querfurth 
March 2, 1954 
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INTRODUCTION 


The book is divided into four chapters, each covering a basic type 
of winding. These four winding types are illustrated in Fig. 1. 
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Ficure 1—Four basic types of windings. 


Because high winding speeds are common, certain precautions 
are necessary to insure uniform results. For instance, the very fine 
diameter wires often used (as fine as .002 inch) haye extremely 
thin insulating films (.0001 inch) that must not be damaged 
during winding. Damage of the insulation may cause shorted 
turns lowering the inductance and “Q” of the coil, or damaged 
insulation may cause premature voltage break-down in certain 
applications. 

In order to maintain close electrical tolerances, mechanically 
stable windings must be produced. ‘This is a very important con- 
sideration where large volume production is undertaken. Without 
repetitive uniformity, excessive losses may occur in addition to 
added inspection costs. Controlled windings are the result of 
sound coil design. A very important part of the coil designer's 
work is the selection of the all important gear trains, or gear ratios, 
that will produce electrically stable, mechanically sound coils. 


All moving parts of a coil winding machine have a definite re- 
lationship to cach other. These relationships are precise and must 
be maintained to guarantee uniformity of product. The most 
accurate and simple method of maintaining the exact relation- 
ships required is through the use of gears. Because the related 
motions may vary with respect to each other, as different coil 
configurations require, interchangeable gears must be employed 


XI INTRODUCTION 


to provide the required ratios between various parts of the wind- 
ing machine. 


Gears further provide a positive method of reproducing any 
ratio previously used to wind coils, This is invaluable in coil 
duplication whenever re-runs are required. ‘The reproduction of 
a previously wound coil at any time becomes a simple matter of 
gear change, and where required, a cam change. 


In general, a winding machine closely resembles a lathe. As 
Fig. 2 illustrates, it consists of a headstock (1), and a tailstock 
(2), both mounted to a bed (3), a guide mechanism and an 
clectric motor (4). In addition a winding machine usualy has 


a turns counter (5), and employs suitable means to unreel the 
wire, 





Ficurr 2—Basic parts of a winding machine. 


Often, machines are built as bench models to allow them to 
be inserted in production lines wherever necessary. 


Machines of this type are available from Geo. Stevens Mfg. 
Co., and the procedures outlined in the following chapters are 
based on their very popular designs. 


CHAPTER | 
SINGLE LAYER WINDINGS 


1. RACK DRIVEN MACHINES. The most common method 
of winding a single layer coil or solenoid employs a machine 
with a revolving main shaft and a progressing wire guide. The 
function of the wire guide is to place the wire on to the coil 
form at a predctermined location. In the case of a close wound 
single layer coil, adjacent turns will touch each other, while in the 
case of a space wound coil a definite and controlled space exists 
between adjacent turns. The direction of movement of the wire 
guide is parallel to the axis of the coil form, and for a close wound 
coil the progression of the guide will be equal to the amount of 
one total wire diameter per revolution of the coil form. 

The wire guide is mounted to a rack which is activated by a 
small pinion gear whose shaft is coupled to the main shaft by a 
set of gears. 


Thus the movement of the wire guide is directly related to the 
revolution of the main shaft and its relation can be expressed as 
a ratio of the number of teeth of the driven gear z, (mounted 
on the pinion shaft) to the number of teeth of the driver gear z, 
(fixed to the main shaft). This ratio will be referred to as the 
gear ratio throughout the entire book and will be identified by 
the letter 7 in all calculations. For example: 

Zy 
rT = 
Z, 

‘The mechanism of a rack driven winding machine is shown in 
Fig. 3, where (1), is the main shaft driven by a motor (2). On the 
work end of the main shaft a winding chuck, used to hold the 
coil form, is shown, sce (3). A worm drive turns the driver shaft 
(4). The transmission between the main shaft and the driver 
shaft has a convenient ratio of 100: 1. The driver shaft and pin- 
ion shaft (5) can be linked with any combination of gears rang- 
ing from: 

25 teeth, minimum size to 
100 teeth*, maximum size for the driver shaft 
and from 
60 teeth*, mimimum size to 
120 teeth, maximum size for the pinion shaft. 


(*recomimended limit) 
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thus enabling 4,640 different gear combinations to fit into the 
gear box. ‘The range of the gear ratios reaches from: 


— 
rm 
Ln 





= 440 = tea. 
25 
to 
60 
eS an 0.60 = Twin, 
100 


The driven gear and the driver gear are linked by an idler gear 
which does not alter the gear ratio. The idler gear can be any 
size. A compound set of idler gears, employing various size gears 
mounted on a common axis, can be used to multiply the main 
gear ratio by the amount which these idler gears yield if their 
numbers of tecth are written as a ratio, 


Ae G 
> Site = oe 
eS: ops 
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Ficure 3—Mechanism of a rack driven machine. 














Three different types of idler gear assemblies are shown in Fig. 4. 
Fig. 4-A shows a straight idler gear (2), linking the driver gear (1), 
and the driven gear (3). The gear ratio is determined only by 
the gears (3), and (1). 

Fig. 4-B shows a compound idler set (4). Its purpose is to 
reverse the direction in which the guide moves in respect to the 
direction in which the coil form turns. It has no effect upon the 
gear ratio. 

Regardless of the size (number of teeth) of the described idler 
gears in lig. 4-A and 4-B, the gear ratio is determined only by 
the driven gear and the driver gear, 


‘td 


RACK DRIVEN MACHINES 





Ficure 4+—ldler gears. 


lig. 4+-C shows a set of idler gears, both gears being of different 
size but mounted on a common shaft(5). The larger idler gear in 
this example meshes with the driver gear and the smaller idler 
gear meshes with the driven gear. In expression, they are identi- 
fied as follows: 


Idler Gear meshing Driver Gear. ..0...02.0..00.004.... sai 
Rye CaCl Gosh a8. 3s SSoiatecss aknnnenen 
Idler Gear meshing Driven Geat..........0..c cect 


mw 


re 
y 4 


Hou a 


iM 
= 


The resultant gear ratio expression is 
me Shy ee 
ty K ze 


Compound gear sets are classified according to their own ratios, 
Some popular idler gear ratios are 


9 / 30 fj 3] 
120 /30 = 4: ] 
47/80 => 1:2 
a Te oe Tae 


+ “COIL WINDING” 


When these popular idler gear combinations are coupled with 
various driver and driven gears, the total number of gear ratios 
possible will increase to more than 20,000 and the range available 
will be from 














120 120 . 
9 gs x = 19.2 (or 1,830 tpi) 
25 30 
to 
60 40 
r = x = 0.30 (or 28.6 tpi*) 
100 80) 


( tpi = turns per inch ) 


For example, the model 130 space winding machine manufac- 
tured by the Geo. Stevens Mfg. Co. uses 48 pitch diameter gears. 
The pinion and the gear rack are also hobbed to a 45 pitch diam- 
eter. As a result, the total travel of the rack with each pinion turn 
is equal to 1.0472 inch.** 

The driver gear is coupled to the main shaft through a step 
down ratio of 100 ; 1. Thus, 100 revolutions of the main shaft 
will cause the driver shaft to make one revolution. If a gear set 
having a ratio of y = | is mounted into the gear box, using a 
straight idler to mesh both the driver and driven gears, the result- 
ing travel of the rack will be 1.0472 inch for 100 main shaft 
revolutions. 

For one main shaft revolution, the rack travel will be equal to 
0.010472 inch and the winding factor will be 95.49 tpi, which 
represents the so-called inherent pitch of the winding machine, 
identified by the letter P. 

Using P, the inherent pitch of the winding machine, as a factor 
and ¢, the number of turns per inch, it is possible to determine 1, 
the ratio of the number of teeth of the driven gear divided by the 
driver gear, as follows: 


t 

: = — 
P 

P = 95.49 


* By increasing the driver gear to 125 teeth and decreasing the driven gear 
to 39 teeth it is possible to wind 15 tpi. At 15 tpi, the machine should be run 
slowly because of the fast traverse speed of the rack, 

**A standard pinion gear has 16 tecth. A gear and rack having 48 pitch diam- 
eter will result in 48/16 = 3 ; 7/3 = 1.0471976. The inherent pitch there- 
fore is 100 x 3: r = 95.493. 
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If we know the number of turns per layer desired, which we 
shall designate by T and the displacement of the cam which we 
shall label ¢, and if we know the wire size § which represents the 
total wire diameter including the insulation, the relation is 


tf = 1/8 
T = ¢c/8 
YS ve 
f= b xe 


A summary of all gear ratio formulae is given in the appendix. 


Space wound single layer coils or resistors can be wound on the 
Geo, Stevens model 130 if the desired pitch falls within the range 
of 15 to 1,530 tpi. Using a 32 pitch rack and pinion on a machine 
similar to the one described also changes the progression of the rack 
per pinion turn. his change provides a different max. to min. 
ratio. ‘The model 135, featuring a 32 pitch diameter rack and 
pinion, will produce a 3.15 inch track travel, or progression, for 
each revolution of the pinion, which results in a progress of 
().0315 inch per main shaft turn or 31.83 tpi ifa r+ = 1| gear ratio 
is used. 

The total range of this type machine will therefore be somewhat 
extended so far as spacing the wire is concerned. Further details 
can be taken from latest catalogues. 

When calculating gear ratios for space wound coils, the wire 
diameter 8 should be increased by the amount of space desired 
between adjacent turns. For close wound coils, only the value 
of 6 should be entered in the formula. The total wire diameter 6 
can best be determined by winding a close wound single layer coil 
of one hundred turns by hand, measuring the total length of the 
winding, converting into decimals of an inch and then dividing 
the value by 100, 

The two described types of rack driven machines are limited to 
single layer windings. Usually the wire is wound from left to 
right. In order to return the wire guide and rack to the starting 
point after a winding has been completed, the pinion shaft is 
coupled to the driven gear by a simple clutch whose friction is 
large enough to move the rack ,and still is not so large as to pre- 
vent the rack and guide from being returned to its starting point. 
The rack is returned manually using a crank conveniently located 
at the front of the machine. 

The model 135, featuring a larger progression, uses a positive 
clutch instead of the friction clutch. A separate lever has to be 
activated when disengaging the pinion from the driven gear. 
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Turns counters, wire guides, tailstocks, tension devices, speed 
regulation and general maintenance are the same as on other 
bench mounting models and a description of these parts and sub- 
jects is given elsewhere. 

The procedure for proper selection of gears, once the gear ratio 


r has been determined, is given in Chapter 3, Section 18 of this 
book. 


2. CAM DRIVEN MACHINES. ‘The advantage of the cam 
driven machine compared to the previously described rack driven 
machine lies in its ability to wind more than one layer of wire 
and in its special feature of winding coils having a variable pitch. 
lig. 5 shows two single layer, space wound coils. ‘The coil shown 
at the left has a uniform spacing between turns, while the one 
shown at the nght has an increasing space between turns or a 
variable pitch. 
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FicurE 5—Single layer, space wound coils. 


The mechanical details of a cam driven machine are illustrated 
in Fig. 6. ‘This machine* cmplovs a cam driven traverse bar to 
carry the wire guide. In lig. 6 the main shaft (1) is motor driven 
(2) and has a collet at the work end to hold the coil form (3). 
The driver gear mounting shaft (4) is powered from the main 
shaft through the 100 : 1 worm and worm gear as illustrated. 
The driven gear shaft (5) is used to rotate the traverse cam (6) 
which moves the traverse rack (7) and wire guide (8) according 
to the cam shape and rotation. ‘The gear ratios available between 
the cam gear (driven) and the driver gear range from 


ln tts = 0.30 
to 
Pinus. = 19.2, 
where r 1s the ratio of the number of teeth of the cam gear to the 
driver gear. 
The gear box located in the rear of the machine is of standard 


design and uniform for all bench models. It is therefore the same 
as the previously described gear box. For further details refer to 


*Geo. Stevens Mfg. Co. model 118 
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hicure 6—Mechanism of a cam driven machine. 


the section labeled “Progression Gear Box on Standard Bench 
Models.” 


Two basic types of cams can be used on this type machine. 
They are the linear and non-linear types. The linear cam can be 
the common heart-shaped cam haying a constant rise per degree 
for 180° revolution from the cam minima to maxima, and a con- 
stant rate of fall from the cam maxima to minima. If revolved a 
full 360° this cam will cause the traverse bar to move from the 
starting point to an extreme in one direction, reverse direction of 
traverse and travel to the other extreme of the total displacement 
returning to the starting point. ‘Thus, such a cam can be used 
for winding two layers per cam revolution. If a linear cam of the 
heart shaped varicty is revolved only 180°, only one layer will be 
wound. 


Non-linear cams are used to produce a varying rate of travel 
of the traverse bar with respect to the main shaft’s revolution. 
Variable pitch single layer coils are commonly produced utilizing 
this principle. Linear as well as variable pitch cams are discussed 
in greater detail in the section on “Linear and Variable Pitch 
Cams.” 


A single layer winding, featuring a linear pitch, is usually wound 
with a 360° cam whose total displacement is at least equal to, and 
preferably somewhat larger than the length of the coil or solenoid 
winding. 
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One revolution of the cam shaft will cause the traverse bar and 
associated wire guide to travel a distance equal to the displacement 
of the cam. A 100 : 1 ratio between the main shaft and the driven 
shaft will cause the traverse bar to move an amount equal to the 
cam displacement in 100 main shaft revolutions. 


Compared to the rack driven machines, the inherent pitch of 
the cam and machine combined will be equal to 


100 


Cc 


P= 


where ¢ represents the cam size in inches. To find the gear ratio 
r for a given number of turns per inch ¢, use the previously de- 
rived formula 


f 
r= — 
F 
and substitute for P the value 100/c. 
Therefore 
tc 
r= — 
100 


If the coil is to be wound with a 180° cam (heart shape), 
the travel of the traverse bar in any one direction will be com- 
pleted at exactly one-half revolution of the cam shaft. ‘Thus 


ic 
50 


Finally, the number of turns per inch ¢ can be determined as 
follows: 





1.000 


5 


where 3 is the total wire diameter or the sum of fhe total wire 
diameter plus the desired spacing between adjacent wires, 


In the case of a varying winding pitch or of a multiple layer 
coil, the expression “turns per layer” is used. A varying pitch coil 
makes the use of a specially designed cam a necessity. (See “Linear 
and Variable Pitch Cams”). The cam is designed for one layer of 
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a certain length. As given previously, the relation between turns 
per inch and turns per layer is as follows: 


= 1.000/8 
T = c/6é 

t = Tre 
Ps te 


where T is the number of turns per layer. However, care must be 
exercised when a special cam is designed for other than 360° cam 
rotation. Determining the gear ratio r for a cam rotation other 
than 360° or 180°, closely follows the previous derivation and is 


TX 360: 
, = ————_+—.. ‘foi'a a degree tam 
100 
or r= T's 3.6/e 
r= T/100 for a 360° cam 
=(T 0 for a 180° cam 


Linear cams whose ratio of rise versus cam rotation is unknown, 
can be easily determined by installing the unknown cam and a 
set of equal gears (ry = 1) in the machine. Using this setup to 
wind a single layer of wire exactly one inch long, while counting 
the number of turns wound in this length, will directly give us 
the inherent pitch P of the machine and cam combined. The 
number of turns wound is equal to P, the inherent pitch. 

The previously unknown cam is now characterized and can be 
used to wind coils within the cam’s range. Gear trains to be used 
in combination with this cam can be found from 


t 


yy = -—_—— 


P 
or substituting for ¢ 


vi 


= 


P38 


3. LINEAR AND VARIABLE PITCH CAMS, A linear cam 
is characterized by its radius varying a constant amount per unit 
rotation. 

A variable pitch cam has its true cam line represented by a 
non-linear function of radius versus unit rotation. 

The true cam line is the line described by the center of the 
milling cutter when cutting the cam. It is also the line described 
by the center of the cam follower during the winding process. 
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The apparent cam line differs from the true cam line, therefore 
it is necessary to use a cam follower with exactly the same radius 
as the milling cutter (See Fig. 7). It is obvious that at points 
(1) and (2) the deviation of the apparent from the true cam line 
is great. ‘These poimts are the maxima and minima of the wire 
excursion. Precision cams and cam followers are required for 
bobbin winding machines and especially universal winding ma- 
chines. 

Cams can be designed for any number of degrees of active 
rotation. Most popular cams, however, are those used with 180° 
or 360° of active rotation. 





Figure (—Linear 180° cam, symmietricul type. 


The so-called heart-shaped cam is a 180° linear cam and has a 
constant diameter at any point drawn through the axis of rota- 
tion, though the radius varies contmuously in a linear fashion. 
Fig, 7 shows the layout and the appearance of a lmear 150° cam 
where both sections, cach having 180°, are symmetrical. ‘This type 
af cam is wsed for multilaver coils as well as universal windings, 


LINEAR 


SINE 





liGuer, 5—Nonsymmetnical cam, 150° type, 
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The cam shown in Fig. 8 has one active linear 180° section while 
the second section follows a sine function. The purpose of the 
sine section is to provide a smooth return to the start position 
after the winding of one single layer has been completed. 

For the winding of single layer coils or solenoids a 360° cam 
as Shown in Fig. 9 is more commonly used. 
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Figure 9—360° cam. 


Making a variable pitch cam to produce coils that require irreg- 
ular spacings (such as are used for permeability tuning) can often 
be simplified by roughing out a preliminary cam from a brass or 
fiber blank and then filing the cam to correct coil shape as experi- 
mental windings are made. As the final shape is approached, minor 
filing may be done on the cam while it is in position on the 
machine. The finished cam should be used as a “master” cam, 
and hardened steel production cams can be copied from it on a 
profile milling machine. 

Variable pitch cams, following certain definite geometrical func- 
tions must be layed out carefully. The desired cam line must be 
written in table form, detailing radii length for each degree, or 
portion of a degree of the cam. The greater the number of radii 
specified, the more accurately cams can be milled. 

In some cases it appears to be advisable to rotate the cam be- 
yond 360° in order to produce extremely long coils. Cams of this 
type look like a short spiral and are made to special order, 

The simplest 180° non-linear cam is a sine wave cam. Its true 
cam line describes an exact circle. ‘The center of rotation, how- 
ever, does not coincide with the center of the circle but is placed 
offcenter in one direction in an amount equal to the width of the 
winding desired. Cams of sine wave shape were frequently used 
for the progressive universal winding and for single layer coils. 
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When setting up a bobbin winding machine*, having two cam 
followers and employing a heart-shaped cam, great care must be 
exercised to insure that the cam followers are in precise alignment. 
This is necessary in order that the traverse bar and the wire guide 
follow the exact line of the cam. 


Each cam follower consists of a roller which is mounted on an 
adjustable rod. The center of both rollers must be in exact line 
with the center of the cam. The cam must be precisely cut 
in order to have a constant diameter through the center of its 
mounting hole, to any diametrically opposite point on its surface. 
Lastly the axes of the two rollers must be exactly parallel to the 
axis of the cam shaft. 


These very important points in alignment are shown in Fig. 10. 
There we have illustrated in 


10-A Line of centers A, B, C. 
10-B. Equal diameters at any line 48, CD, ete. 
10-C Axes parallel to each other. 








-C 


Ficurr 10—Points of alignment for two cam 
followers. 


*Geo. Stevens Mfg. Co. model 115 
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#. PROGRESSION GEAR BOX ON STANDARD BENCH 
MODELS.” As Fig. 11 illustrates, the standard progression gear 
box houses the driver gear (1), the driven gear (2), and the idler 
gear with bracket (3). ‘This design was found to be both versatile 
and flexible, therefore this setup is used with most bench ma- 
chines. 





Ficure 11—Progression gear box. 


A cast iron cover is used to enclose the gear train. For lubrica- 
tion, a commercially available product, known as “Lubriplate” is 
recommended. It is suggested that all gears and cams of the 
machine be lubricated periodically. 

The rear wall of the standard headstock has a machined surface 
with a number of staggered mounting holes provided to permit 
proper location of the idler bracket to mesh driver and driven 
gears. ‘The idler bracket has an elongated mounting slot to clear 
the idler mounting screw that is used to hold the idler gear assem- 
bly in place. An exploded top view, Fig. 12, shows the order of 
assembly used in mounting the progression gears as well as the 
friction clutch, all located in the progression gear box. Shown 
are: (1) Driver gear shaft, (2) driver gear, (3) spacer, and (4) 
nut. ‘The idler consists of: (5) bracket, (6) gear assembly and, 
(7) mounting screw with washer (8) which holds the idler against 
the mounting place (9). 

The friction clutch consists of: (10) Keyed driven shaft, (11) 
matching clutch face, (12) friction disc, (13) driven gear, (14) 
spacer, (15) spring washer, (16) two knurled nuts, one to tighten 
the clutch assembly, one used as a locking nut. 


"The gear box as described here appears on Geo. Stevens Mfg. Co. models 
73, 112, 115, 118, 125, 130, 131, and 225. 
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Figure 12—Progression gear box assembly plan. 


5. THE PROGRESSIVE UNIVERSAL MACHINE. For a 
descnption of the original purpose of the progressive universal 
winding machine* refer to Section + of the book. 


—— 
| r SS Pam 





Ficure 13—Coil progression mechanism. 


‘The progressive universal winding machine can also be used to 
wind single layer coils, provided the universal shuttle mechanism 
is disengaged. This can be done simply by removing the front 
idler gear and bracket from the universal gear box, and by locking 
the shuttle mechanism in place. The machine, so arranged, will 
wind a single layer coil by moving the rotating coil form at the 
desired pitch, past the stationary wire guide. 





“Geo. Stevens Mfg. Co. models 125 and 225 
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Another procedure uses a bracket with an attached wire guide 
mounted on the gear rack and allows the machine to be used in 
the same manner as the rack driven machine. All gear ratios will 
be the same as used for a given winding on the rack driven machine 
(+5 pitch diameter type machine). ‘The telescopic main shaft 
extension has to be removed together with its support, and the 
chuck or arbor must be directly attached to the main shaft. 


The function of the coil progression mechanism is shown in 
Irig. 13. ‘The wire guide bracket is illustrated in Fig. 14. 





Ficure 14—The conversion of a progressive universal 
winding machine in a rack driven winding machine. 


6. THE RESISTOR STRIP WINDING MACHINE.** ‘This 
type of winding machine is used for winding flat resistor strips. 
Basic design is similar to the progressive machine, but the strip 
winder has an extended length bed and rack, and as a special 
feature, a hollow main shaft from which the unwound strip is 
drawn. 


‘The winding procedure is as follows: The unwound strip is 
loaded into the hollow main shaft. ‘The main shaft itself is longer 
than on ordinary winding machine shaft, and at the working end 
a slotted guide bushing is located. The strip (cardboard, fishpaper, 
etc.) is pulled through the slot while the main shaft and slotted 
bushing turn it. The strip is held at the starting end by a live- 
center-chuck, the latter being connected to the progressing rack, 
thus pulling the strip out of the hollow main shaft while the strip 
turns. 


The live-center-chuck can be driven in synchronization with the 
main shaft as an optional feature for winding very thin flexible 
strips. 


*Geo. Stevens Mfg, Co. model 13] 


16 “COIL WINDING” 


The wire guide and wire supply are fxed and do not move. 
The wire guide must be adjusted so as to apply the wire as close 
as possible to the bushing at the main shaft. No bending of the 
strip occurs during winding, and tight windings can be made 
through application of maximum tension to wire. Fig. 15 illus- 
trates this type of winding machine. 





Micure 15—Resistor strip winding machme with 
stationary wire guide. 

The machine is of standard design otherwise, and all require- 
ments regarding gear ratio and amount of progression can be taken 
from the article on the rack driven machine. 

Since modifications are possible, the rack could be moved by 
a cam instead of a pinion gear. Variable pitch windings can thus 
be made. However, the length of the wound section will be limited 
to the ayailable space for the cam at the front of the machine. 


7. WIRE GUIDES, WIRE TENSIONS AND TENSION 
DEVICES. With the exception of the resistor strip winding 
machine and all universal winding machines, the wire guide will 
be mounted on the rack or cam traverse bar of the machine, For 
the purpose of single layer windings simple wire guides are sufh- 
cient. A roller with a groove will usually suffice. (See Fig. 16). 
Two types of guide arms are illustrated. 





Micurr, 16—Wire guides for single- and multi-layer 
windings. 
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Usually, the wire is taken from the supply spool and cut after 
the coil is wound at the machine. In some cases, when only a 
short length of wire is required and the wire has sufficient strength, 
it is supplied to the machine in pre-cut lengths. 


Generally, the wire supply and tension device is located behind 
the machine. It is more practical, however, when only a few turns 
are required and when the wire is heavier than #32 AWG, to 
locate the supply spool in front of the machine. For this purpose 
several types of tension and supply devices are available, some of 
these are illustrated in Fig. 17. 





igure 1/—Location of wire supply devices in 
Front of the machine. 


When winding on square or rectangular forms, provision must 
be made to even out the pulses caused by the shape of the wind- 
ing form. Small rollers, carried at the end of a spring loaded lever. 
will provide a compensating effect. In fine wire winding, the 
choice of supply and tension equipment is of greatest importance. 
A precaution that will pay dividends should be taken when wind- 
ing universal and fine wire bobbin coils. The following is sug- 
gested: 


It is advisable to measure the wire tension used when successful 
windings result. Relative methods are suitable, and even a simple 
tension-type calibrated spring scale will be of help. The wire may 
be pulled tightly over the coil as shown in Fig. 18. When the wire 
has begun to move over all rollers and levers and when the motion 
of the wire has caused the supply spool to rotate, the measurement 
should be taken. On multiple winding machines, the tension 
should be equal on all tension devices used on the multiple setup. 
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Tension measurements should be recorded for future use and 
should be a part of all winding specihcations, 





Ficvre 1$—Simple inethod of measuring wire tension, 


In general, fine wire requires less tension and heavy wire re- 
quires more tension. 


lig. 19 shows two basically different tension devices. Type A 
allows the wire to be removed from the spool at almost any speed. 
‘The wire supply spool remains stationary inside a protective cone. 
The wire is wound once or twice around the capstan whose re- 
sistance to turning is controlled by a friction brake. The brake 
pressure can be varied by means of an adjustable spring. However, 
it must be noted that one twist will be imparted to the wire tor 
each turn taken from the supply spool. A spinner will prevent 
tangling and knotting of the fimer wire sizes, (Fig. 20-E). 


The type B tension device as illustrated in Fig. 19 is dependent 
on winding speed and spool weight. The supply spool turns while 
the wire is unrecled. The wire runs over a free turning roller, the 
latter being mounted at the end of a spring loaded brake lever. 
The brake lever causes a delayed action in releasing the spool, thus 
providing a constant amount of tension. The restricting and 
smoothing action of the brake lever on type B makes the device 
very desirable for universal winding. 


In many respects these tension devices have properties mutually 
exclusive from one another. For cxample while type B permits 
easy respooling, type A excludes this feature. While type A per- 
mits rapid starts and stops encountered in automatic-controlled 
winding machines, type B requires more moderated winding 
acceleration and deceleration. ‘The amount of tension is inde- 
pendent of the supply spool weight when using type A. However, 
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spools to be used in type A must have smooth edges, otherwise 
the wire might be damaged. 





Ficure 19—Tension devices. 


A modification of the tvpe A device in Fig, 19 is the so-called 
spinner as shown in Fig. 20-C. Fine wire spools having rough or 
damaged edges require a spinner type device, if the unreeling 
speed is not too high. 





from supply spool 
Ficurr 20—Tension devices, 
Another tension head design is shown in I"ig, 20-D, The spool 


in this case remains stationary, but a light weight tension wheel 
and brake drum provide a lever regulated tension to the wire. 
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This type is highly recommended where space is restricted, as is 
often the case in multiple winding. Tension control is good. 
This deyice is especially recommended where fine textile served 
wires are used. 


§. SPEED REGULATION. ‘The speed of a winding machine 
can be regulated by different means. If the motor used is of the 
series-wound type, not exceeding 44 HP, the motor can casily be 
regulated with a series variable resistor. loot controlled rheostats 
are popular, and variable auto transformers are also widely used. 


Constant speed and continuous operation, even under varying 
load conditions, can be achieved by using a belt transmission be- 
tween the machine and motor. Pulleys of various sizes are helpful 
in changing the motor to machine drive ratios. In extreme cases, 
especially where heavy gauge of wires are to be wound, a wormgeat 
drive may be used. Gearhead motors with 10 : 1 ratios are com- 
mercially available. 

Excessive winding speed frequently results in defective coils. 
Consequently, a speed limiting device should be provided. A 
resistor in series with the motor or a mechanical stop located 
under the foot lever of the foot controlled rheostat serves well. 
The correct belt transmission ratio between motor’ and winding 
machine is highly desirable, however, in most cases, it is too in- 
convenient to arrange, especially where winding setups are changed 
frequently. Thus the foot controlled rheostat is the primary and 
most casily used device for achieving various winding speeds. 


Slowing and stopping a winding machine is frequently done by 
hand. A smooth handwheel, to which the operator's hand may 
be applied gradually for breaking action, is suitable. 


The On-Off switch, if not foot operated, should be conveniently 
placed, preferably near the handwheel. For example in Fig. 21 
the thumb or the last finger of the left hand can operate the 
switch. 


9. SEMLAUTOMATIC MACHINES. Time consumed in 
winding coils can be reduced by tooling machines with special 
features that climinate or speed up manual operations. The many 
types of attachments, switches and fixtures that may be employed 
to reduce cost and improve productivity are, in most cases, limited 
to specific windings. Compressed air operated tooling is gaining 
much favor because of its simplicity and wide range of adaption. 
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ON OFF 
Picure 21—On and Off-switch location. 


The predetermined counter and automatic stop is one of the 
most universally adopted improvements that increases opera- 
tor efficiency. Not only is the total time of the winding cycle 
reduced, but winding can be performed at a uniform speed for 
each coil, thereby contributing to coil uniformity what is possibly 
most important. The machine operates without requiring the 
operator's attention, allowing minor finishing or other operations 
to be performed by the operator. 


‘T'wo types of counters are used with the automatic stop mech- 
anism. ‘hey are the crank-handle-reset and the quick-lever-reset 
predetermined type. Both are somewhat similar in their appear- 
ance and function, however, setting procedures are different. De- 
tails will be found in Section 10 of this Chapter. 


An automatic counter can be used in several ways. Some of the 
possibilities are described below: 


When the number of turns wound reaches the pre-set value, 
the counter switch opens, removing the motor power, and operates 
a brake, stopping the machine. Equipment required in addition 
to the predetermined counter is a magnetic brake and a small d.c, 
power supply. 


Other semi-automatic features can be added where facilities are 
available. The tailstock can be operated by compressed air. Brakes 
and clutches can be operated with air pressure, their valves bemg 
operated by rotary switch controlled solenoids. Part of the chuck- 
ing operation and the complete start lead securing and finish lead 
securing is usually done by hand. A spotting wax or cement con- 
venient to the coil, is of help in securing the start and finish leads. 
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10. COUNTIERS. One of the most important parts of any 
winding machine is the turns counter. Clock dial counters are 
very popular and are available as standard equipment usually pro- 
vided with 1on- ‘automatic savindling machines. ‘They are dependable 
and casy to read. Fig. 22 shows two types of dial counters each 
having two pointers. One pointer indicates every 100 turns, while 
the other Pasiter indicates cach single turn (100 tarn Dial—10,000 
total®) or cach % tur (25 Turn Dial—2,500 total®* ) whichever 
is more stutable. ‘The pointers are gear driven and tum continu- 
ously. A helical gear coupled to the main shaft drives the counter 
mechanism. Either type with its proper drive shaft can be inter. 
changed on Stevens’ winding machines. 
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Picure 22—Dial counters. 


Predetermined type counters, because of the advantages they 
provide through reducing production costs, are very popular. 
Chain, gear or timing belt driven, the automatic counter is cou- 
pled to the main shaft and can be made to perform certain fune- 
tions, One arrangement stops the machine when the proper 
number of turns have been wound. In general, the automatic 
counter operates a switch which can be inserted in the motor 
circuit directly or which can operate a separate relay, or an clec- 
tromagnetic clutch or brake, whichever specific requirement is 
best suited to the job. 


Three types of automatic counters are illustrated in Fig. 23. All 


are suitable for use with any of the machines described. 
The setting procedure is slightly different for cach type of 
counter. The following procedures are recommended. 


Serics 1239 counters: With motor switch in “Off’ position, 
I 


"Geo. Stevens Mfg. Co. model 30 
** Geo. Stevens Mfg. Co. model 51 
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Kicurr 23—Automahe counters. 


turn reset crank until all figures on the white wheels indicate 
zero. Lift the cover to expose all wheels. Metallic wheels should 
be displaced to the nght using finger pressure, Rotate metallic 
wheel until desired figure appears opposite white wheel's zero. 
After desired turns count has been set, allow cover to snap closed. 
Machine motor switch, when turned to the “On” position, will 
allow machine to wind until white wheels in counter window in- 
dicate predetermined number of turns haye been wound. At this 
point, counter will normally interrupt motor and simultaneously 
actuate braking mechanism. Winding cycle is now complete and 
motor switch should be turned to the “Off” position before re- 
cycling counter. 


Serics 6090 counters: With motor switch in “Off” position, 
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open the lid, lft locking leyer A, depress and hold reset lever B 
in down position. Turn brass wheels until desired figure appears 
in cach window. Release reset lever B, return Jever A, and close 
lid. ‘Turning motor switch to “On” position will start the winding 
cycle, which will continue until counter has subtracted preset 
desired count. At this point, figures will indicate zero and counter 
will interrupt motor and actuate stop mechanism. After turning 
the motor switch to the “Off” position, the counter can be re- 
turned to zero by pushing lever B down. 

Series U 390 counters: With the motor switch in “Off” position, 
open front cover exposing resetting wheels and press recycling 
lever fully until it stays down. Rotate figure setting wheels until 
desired turns count appears in window. When cover is closed, 
recycling lever will automatically return to normal position. Check 
to be certain that correct desired number of turns appear in 
window, make sure that each figure is fully visible. Turn motor 
switch to “On” position, machine will operate until preset number 
of turns have been wound, reducing counter figures to zero. Stop 
mechanism will be actuated at this point. 

Winding machines are usually operated at a high speed, and 
therefore considerable inertia is developed. Although braking 
cfhiciencies are very high, it is impossible to instantaneously stop 
the machine avoiding slight overwinding. Although slippage will 
occur, it will be repetitive and uniform if the winding speed is 
uniform. Because of the uniform braking action the number of 
turns overrun on the winding trial can be subtracted from the 
count initially set into the counter. 


Il. ARBOR AND CHUCK DESIGN. The design of winding 
arbors and chucks is very important. On many winding jobs, 
chucking and removing the coil form represents a considerable 
percentage of the total winding cycle. Ilence, it represents a 
major part of the total winding cost. Attention to chuck and 
arbor design, to reduce handling time consumed, will result im 
cost reduction. 

Fig. 24 shows a group of arbors that can be used for single layer 
as well as universal and progressive universal coils. In some cases 
the coil form is merely slipped over the round arbor and is held 
in place by a spring blade, while in others the form is held in 
place by a nut and washer. Note that threads are of the left hand 
type, which prevents the coil from loosening during the winding 
process, for top going spindles (right hand threads for top coming 
spindles). 


ARBOR AND CHUCK DESIGN 
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The direction of revolution of a winding arbor is described as 
“top going’ when the arbor rotates in a clockwise direction as 
viewed from the arbor’s end. When revolved in a counter clock- 
wise direction, the arbor rotation is referred to as “top coming.” 





Ficuxe 24—Selection of winding arbors with 
corresponding coil forms. 


The type of arbor most suitable for bobbin winding usually 
consists of two parts, since, due to very high winding speeds, a 
tailstock is generally used. Often bobbins have a paper wall which 
does not provide adequate strength to resist deformation due to 
wire pressure. In such cases it is necessary that the arbor provides 
adequate support in order to prevent the form from collapsing. 
After the coil is wound and removed from the machine, the 
tension of the wire will have been properly distributed, and the 
paper form will fully support the winding. 
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Molded bobbins are generally stronger than paper bobbins, 
however, the tension and force of the wire is apt to break or at 
least deform the bobbin ends or flanges if they are not firmly 
supported by the arbor or chuck, A sample arbor is shown in 
Fig. 25. The design should match the shape of the bobbin used. 





ricure 25—Winding arbor for bobbins. 


Single layer and universal coils are often wound on solid forms 
which are either molded plastic or made from ceramic, A very 
popular ccramic form has a small wing shaped hole through its 
center. ‘hese coil forms usually require use of a tailstock and 
a suitable clamping device. Fig. 26 shows the use of a tailstock 
on a standard bench type winding machine, and the associated 
I'ig. 27 shows the two parts necessary to hold a ceramic form 
between the head and tailstock of the machine, 





Pieure 26—Winding machine with tailstock, 


ie WASHERS 


Ficure 27—Clamping device for ceramic forms, 
used in connection with a tailstock. 
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ARBOR AND CHUCK DESIGN 


Small solid forms, either made of molded plastic or powdered 
iron, especially those having molded-in wire leads, can be held 
on the winding machine with the aid of a chuck as shown in 
Fig. 25-A, or more precisely with the aid of a collet as in Fig. 
28-B. ‘The collet should be made to the form size and have a size 
range not greater than 15° of the total diameter of the coil 
form. The thread should be of the right hand type. Commonly 
available coil forms are usually of standard diameters, but a small 
sclection of various size collets should always be on hand to 
accommodate non-standard forms. 
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Ficure 285—Chuck and collet. 


Each mandrel, arbor, chuck and collet must have a means pro- 
vided for securing the start and finish leads as well as taps of the 
winding. Fig. 29 illustrates a few methods which can casily be 
adopted to almost any design. A illustrates a simple spring blade 
around which the wire can be looped, B a coiled spring which. is 
very suitable for the finest wire sizes, and C three simple pins 
located to assure proper location of coil start, finish, and tap when 





Ficure 29—Start and tap lead securing devices. 
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desired. Color coding of lead location often helps during the 
training of coil winding personnel. 

Multiple winding of coils requires special arbors. Some of the 
arbors shown in Fig. 24 can be extended to hold two coil forms. 
However, the pull of the wire is liable to throw the second coil 
form out of line unless a tailstock is used to support the arbor. 
The type of multiple arbor shown in Fig. 30 is designed to pro- 
duce a large number of windings at the same time. It consists of 
a main tod with a driving member on one end and a thread on 
the other. Coil forms and spacers are altemately placed upon the 
rod, A nut is tightened to the threaded end of the rod holding 
the assembly of spacers and coil forms firmly. The loaded arbor 
can be inserted between the centers of the head and tailstock of 
the machine. 

Frequently, in order to obtain the greatest output from a ma- 
chine, two or three such arbors are used alternately. While the 
machine is winding, the operator can load the idle arbors with 
forms and prepare them for winding. 

The spacers and the center rod have mating key and keyways 
in order to prevent the spacer from slipping. The spacers are also 
provided with pins for securing the start and tap leads. Also, all 
coil forms should be accurately cut to length in order that the coil 
position on the forms be uniform. 

Multiple arbors can be designed for a great number of different 
types and sizes of coil forms. ‘The number of coils that can be 
wound on a multiple arbor must be determined primarily from 
the type of coil and the number of turns. to be wound. Obviously, 
coils requiring only a few turns, or many taps, are more easily and 
economically wound on a single coil winding setup. 

Fig, 30 also shows the scheme of assembly of the multiple arbor 
as described above. 
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Iicure 30—Winding arbor for muiltiple winding. 


Almost any winding machine can be converted to multiple wind- 
ing, provided the necessary additional wire guides and tension 
devices, as well as the special arbors, are on hand. 


CHAPTER 2 
MULTI LAYER WINDINGS 


I. CAM DRIVEN MACHINES. A cam driven machine* as 
previously described is very suitable for the production of multi 
layer windings, such as bobbin coils. For the purpose of multi 
layer windings, the traverse rack of the machine carries two cam 
followers instead of onc. A heart-shaped cam of proper size must 
be inserted and gears should be selected according to previously 
derived formulae. Further details and a description of a cam 
driven machine are given in Chapter 1, Section 2. 


The problem of winding many turns of fine wire economically 
creates the need for a machine capable of winding at very high 
speeds. High speed machine operation in the range of 10,000 RPM 
makes it necessary that all high speed moving parts of the machin- 
ery receive regular lubrication. In addition, the machine must be 
as free of vibration as present machine manufacturing art will 
allow. Further, the winding chuck must be balanced with the coil 
form in position on the chuck. This is necessary because some 
types of coil forms have a non-uniform distribution of weight due 
to lug location, etc. 


A high speed fine wire winding machine*™* is illustrated in Fig. 
31. This machine has a built-in single shot lubricating system to 
distribute oil through a manifold to all parts of the machine re- 
quinng lubrication. Conventional cam-driven winding machine 
designs have been modified somewhat, still retaining the basic 
principle of such machines. ‘The traverse cam and gears are located 
at the rear of the cast aluminum winding head. 





Ficurr 31—High speed, fine wire, cam dnven 
winding machine, 


“Geo, Steyens Mfg. Co. model 115 
**Geo. Stevens Mfg. Co, model 35-AM 
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The inherent pitch of this machine and its 180° cam combined 
equals: 
Vf) 
P= 
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and is the result of a step down ratio of 100 : 1 between the wind- 
ing shaft and the driver gear shaft. Gear ratio calculations are as 
follows: 
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2, THE SCREW TRAVERSE MACHINE. Screw traverse 
machines are very popular, Their unlimited winding width (special 
machines have been made to wind 60 inch long coils), ease of 
sctup and operation, as well as their versatility are important rea- 
sons for their popularity. 


Mechanics of a screw traverse machine* are as follows: ‘The 
main shaft is coupled to the driver gear shaft through a 20 : | 
reduction worm and worm gear. As in other machines previously 
described, the driver and driven gears are coupled by an idler gear 
assembly. The driven gear shaft, which extends into the gear box, 
is the driver shaft of a unique positive reversing gear clutch which 
also serves as the driver for the traverse screw. 


Change of wire traverse during winding when coil extremes are 
reached is a function of the reversing lever (1), illustrated in Fig. 
32. The reversing lever is actuated by limit screws (2), and (3), 
that are a part of the traverse bar (4). Movement of the traverse 
bar is obtained through a threaded member (3), engaged at all 
times to the traverse screw (6). 


Winding width adjustment is made at the front of the machine 
by turning thumbscrews (2) and (3), adding or subtractmg width 
as required. As one will recall, on cam operated machines, the coil 
width and wire size relationship were dependent upon each other 
to the extent that a change of either cam or wire size required a 
change of gearing to maintain the established ratio. of traverse rate 
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rower 32—Details of a screw traverse machine. 


vs. tain shaft revolution. Width changes do not alter traverse 
ratio with respect to main shaft revolutions, therefore wire size and 
coil width adjustments are independent of each other on the screw 
traverse type machine. 


Rapid reversal at extremes of trayerse is accomplished by a spring 
activated indexing device (7) (see Fig. 32) that acts upon revers- 
ing lever (1) as soon as limit is reached. ‘This assures uniformly 
wound layers with no winding pileup at coil extremes. 


On occasion, particularly in the winding of relay or other fine 
wire coils, the fine coil wire must be attached to heavier flexible 
leads in order to allow assembly operations to be made without 
breaking coil leads. ‘This method of coil construction necessitates 
insulation of the soldered connections within the coil to prevent 
short circuit of a portion of the winding adjacent to the soldered 
junction. In some cases, two or more windings may be placed on 
the same bobbin, and in the latter cases, the number of insulated 
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soldered junctions is correspondingly greater. ‘he soldered junc- 
tion and its insulation give rise to an uneven coil. The screw 
traverse machine can be used effectively to overcome the uneven 
winding by preventing traverse over the area where the diameter 
has been increased. 


Fig. 33, an enlarged view of the reversing lever, shows a simple 
traverse-limiting collar that permits control of winding and results 
in a uniform coil height. When the collar is pushed onto lever, 
collar limits traverse according to collar wall thickness and when 
pulled away from lever, full traverse is wound. Collar design details 
can be taken from Fig. 33. 





Picure 33—Reversing lever and limiting collar of 
a screw traverse machine. 

As has been explained, the reversing mechanism located in the 
head of the machine is actuated by the reversing lever. At the exact 
moment of reversal during which the internal gear clutch is 
momentarily disengaged, the reversing lever must move over center. 
Force should never be used to turn the mainshaft backwards 
when the traverse is in cither extreme position. If the main shaft 
is turned backwards at this time, the traverse screw will rotate in 
the same direction in which it was rotating prior to reversal and 
will, by virtue of the great power developed in the screw, force the 
thumbscrew against the reversing lever. 


Gear ratio calculations are performed as follows: 


{ 


r= —_— 
200 
The inherent ratio of a screw traverse tvpe machine is based on 
three factors. They are: Driver gear shaft to main shaft ratio 
(1 : 20), traverse screw to driven gear shaft ratio (1 : 1), and the 
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pitch of the thread on the traverse screw proper, which enters the 
formula as | : 10. Therefore, the inherent ratio is 


I l | 1 
= §&§ = HS 
20) l 10 200 
The mherent ratio of the machine equals the reciprocal of the 
inherent pitch P of the machine. With knowledge of the inherent 
ratio or inherent pitch, gear determinations for the proper wire 
winding pitch are as follows: 
; nuntber of teeth af driven gear 


P number of teeth of driver gear 


substituting the actual value for P will yield 





t 
200 
whereby / is the number of turns per inch and is found from 
t= 1f§ 


3, HAND WINDING MACHINES. ‘The simplest possible 
winding machine to wind wire around a mandrel or coil form con- 
sists of a ball bearing shaft and headstock and ineans to drive this 
shaft, ‘he work end of the shaft supports the winding form. ‘The 
shaft is usually driven by a variable speed electric motor. 


A turns counter, wire supply holder and a tension device com- 
plete the hand winding setup. A ratchet can be added to prevent 
the machine from turning backwards if found necessary. 


Random wound bobbin coils can be made by hand guiding the 
wire, ‘he additional uses to which the hand winding machine 
can be put are unlimited and are too numerous to detail. However, 
a few common types of coils produced on these machines are: 
Filament transformer secondarys, motor field coils, motor arma- 
tures (special chuck required), space windings on pre-grooved 
forms, as well as close wound single layer coils. 

A varied use of the machine is in the manufacture of capacitors. 
Paper capacitors, for example, are usually wound around a mandrel 
of a certain diameter. The metal foil and the insulating paper 
tissues are supported on a suitable rack. The lineup of the rack 
and supply spools together with the above described hand winding 
machine make a perfect capacitor winding device. A dial counter 
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will enable paper sections to be wound to commercial capacitance 
values. Additional features can be added, such as foil and paper 
cutters, tape and glue supply. Inductive capacitor sections are 
wound by symmetric lineups of the paper and foil. Noninductive 
sections using the projecting foil method can be wound by adjust- 
ing paper and foil supply spools with the aid of washers having 
their thickness correspond to the amount of projection desired. 
For detailed information, the reader may refer to anyone of the 
munerous publications on the subject of “Paper Capacitors” or any 
electrical engineering handbook. 


4. HEAVY WIRE WINDING. The problem of winding heavy 
wire (5 AWG to #24 AWG) lies in guiding the wire and pro- 
viding proper tension. Heavy wire tension devices* are available 
for use where required. 


Wire guiding is done by hand on small production runs, or 
where production volume is large enough, by extra heavy mecha- 
nism of various design. On heavy wire coils it is important that the 
wire is guided in a very uniform and symmetrical fashion, Faults 
at the start of the winding or at the cross turns at the edge of 
each layer are the most common causes of coil irregularities. A 
rugged chuck or coil clamp, having strong walls, will help to over- 
come this difficulty. 


It is expected that adjacent layers of a perfect lay coil show an 
irregularity which appears to form a helical pattern on the surface 
of the coil. ‘his pattern results from the geometry of a triangular 
packing (pertect lay) of adjacent wires. If the tension of the wire 
were varied or if the bobbin changed its shape during the winding 
process, this helical ndge would become more and more irregular 
and would finally result in a totally disfigured coil. "The final layers 
would no longer hold the specified number of turns, and the coil 
would exceed its mechanical dimensions if such were specified and 
limited. Constant tension, and a precise, rugged bobbin with 
corresponding arbor will help reduce difficulties. 


A recommended arbor for heavy wire, self-supporting windings 
is shown in Vig. 34. The arbor should be slightly tapered and 
polished to permit easy removal of the finished winding. A groove 
should be provided for the entrance of the start lead as shown in 
Fig. 34 


*Geo. Stevens Mfg. Co. models T-8, 92-12, 93-12 
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'icure 34—Arbor fort heavy wire winding. 


Note that for top going spindles the arbor should have a left 
hand thread in order to prevent unthreading of the nut during 
the winding process. Where heavy wire and correspondingly heavy 
tension is applied, the use of a live-center tailstock is highly recom- 
mended to distribute the load placed on the arbor between two 
support points. 

Fig. 35 shows two methods of wire layering, the perfect lay 
(triangular wire packing) and the square lay (square wire pack- 
ing). 
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PERFECT LAY SQUARE LAY 


l'tcure 35—Whure packing for multi-layer coils. 


The square lay can be best performed when the winding is on a 
bobbin or when paper is inserted between adjacent layers. 


The perfect lay will result whenever coils are wound that allow 
the wire to drop freely in place. The wires lie tighter and permit 
the construction of a self supporting coil. Fig. 36 shows a perfect 
lay, self-supporting coil. 


FINISH 





Vicure 36—Selfsupporting, perfect lay coil. 
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Each consecutive layer has one full turn less than the previous 
layer, thus giving the coil a stable support so long as the bottom 
layer is prevented from spreading. Spreading can be prevented by 
using tape. Notice that the tape is necessary for the bottom layer 
only and, of course, to secure the start and finish leads. 


5. MINIATURE WINDING. Coils wound with +40 AWG 
and finer wire require special care, and the machines used to wind 
these coils must be precision built. A standard model miniature 
winder® is illustrated in Fig. 37. 





Micure 37—Fine wire, minature winding machine. 


The machine closely resembles what was described in an earlier 
section as a cam driven machine. The driver shaft is linked with 
the main shaft ina 1 : 100 ratio and the gear ratio required to wind 
a certain coil will be found from: 

T 
r= — 
50) 

In general, the precautions necessary to observe are very similar 
to the larger cam driven machine. All values entering the gear 
considerations will be proportionally smaller, and yet percentage- 
wise, will be equivalent in accuracy. Certain additional precautions 
must be taken in the winding of fine wire. Although it is impossi- 
ble to mention here every problem involved in fine wire winding, 
a few examples of common difficulties will point out the additional 
care that is necessary, or instance, the bobbin on which fine wire 
1s to be wound must be free of flash marks if it is a molded bobbin— 
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particularly parting flashes along the bobbin flanges on the inside 
winding area. 


The spool on which the wire is supplied must be carefully 
examined prior to use to insure that, if unrecled by taking wire 
over the spool ends, the spool ends are smooth, not bent or nicked. 


A precision micrometer, one specially adapted for wire measure- 
ment will be of help. A large number of measurements at various 
locations along a test length of wire should be taken. 


The previously recommended method of measuring the wire 
diameter by winding 100 close turns and measuring the length of 
this winding does not apply in this case, for it is not only difficult 
to guide fine wire by hand to obtain a perfectly close wound coil, 
but the irregular tension applied during the guiding of the wire 
by hand causes the fine wire to stretch and even break. 


Measuring the diameter therefore should be done with accurate 
and suitable tools such as precision micrometers, calibrated micro- 
scopes or other special apparatus. 

The importance of controlled starting speed cannot be over- 
looked. ‘Time spent in training the operator to carefully start 
manually controlled machines will pay dividends through less coil 
breakage and higher production output. 


The desirable slow starting requirement can be performed auto- 
matically to climinate the necessity for extensive operator training. 
The Stevens model 38-M, previously described, embodies a slow 
starting feature that is completely automatic. 


6. TEXTILE INTERWINDING. Compact coils characterized 
by their high mechanical stability and minimum space require- 
ments ar¢é known as textile interwound coils. The application for 
such coils is numerous although they are most commonly used 
in relay construction. One popular method of producing textile 
interwound coils makes use of a textile floss known as “Celanese” 
for supporting the coil which is soluable in acetone, or similar 
solvents. A cam driven machine is employed. The cam displace- 
ment or actual width of the winding should be shorter than the 
overall length of the total coil by an amount equal to the sum of 
both supporting walls of the coil. A highly polished winding arbor 
is used, the arbor, when the removable flange is in place, provides 
the total coil space. A layer of textile wound directly on the pol- 
ished arbor is the first winding operation. A small amount of 
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solvent is applied to the textile winding base on the mandrel 
causing the celanese to adhere and provide a winding form. 


Suitable arrangements of attaching the starting lead are employed, 
and the winding cycle is begun, Occasionally, as required during 
the winding cycle, celanese floss is manually inserted, concentrating 
the insertion at either end of the winding, thereby building up a 
wall. ‘lhe coil contmues to wind until the proper total number 
of turns has been wound. A protective layer of cclanese floss 
should cover the finished coil. 


7. MULTIPLE PAPER SECTION WINDING. Generally, a 
number of coils are wound on a single piece of coil tubing, with 
wide strips of paper inserted between the layers during the winding 
process, ‘he fimshed “stick” of coils is sawed apart, and the start 
and finish leads are then pulled out of each individual section. 


‘The recommended machine* is illustrated in Fig. 38. ‘The 
traverse mechanism is driven by a traverse screw. When the 
traverse mechanism reaches its predetermined point, corresponding 
to either end of the coil width, a microswitch is actuated which 
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energizes a solenoid reversing the direction of the screw, thus 
reversing the direction of the traverse mechanism and wire guides. 


The wire guides are adjustable, and the space between adjacent 
wire guide rollers can be set so that it is equal to the width of one 
winding plus the space betwecn two adjacent windings. 


_ To determine the proper gear ratio for any winding problem, the 
following formula applies: 


t 

150 
‘The internal transmission ratio is 15 : 1 between the main shaft 
and the driver shaft. 15 revolutions of the main shaft will cause 
the driver gear shaft to make one complete revolution. 10 revolu- 
tions of the driven shaft will cause the traverse mechanism to 
travel one inch in either direction. A knob is provided at the front 


of the machine to allow the operator to easily move the wire 
traverse mechanism to any position. 





; — 


Three arbors should be supplied for each machine and used 
consecutively. Several points regarding the wire and its supply 
rack bear careful consideration. ‘The wire tension should be main- 
tained as evenly as possible by all tension devices. Wire supply 
spools are usually not filled with an equal amount of wire, as a 
result, some spools will run out of wire more quickly than others. 
Replacing individual spools is very time consuming, therefore it 1s 
desirable to replace all spools at the same time. Purchasing spools 
having equal amounts of wire is recommended. 


The tension devices are similar to the ones described previously. 
The spool turns, and a lever actuated brake applies friction to a 
drum, thus providing a controlled amount of tension. A specially 
designed rack holds the required number of tension devices. The 
rack is constructed like a stair and the devices are mounted in such 
a manner as to have the wires leaving the rollers of the tension 
arms at approximately the same angle. This setup is necessary 
since the operation of these devices is primarily dependent upon 
the angle between the wire and the tension arms. 


The winding procedure can be described with the aid of Fig. 39 
follows: 


Place guides in the margin position and fasten wires as shown 
with pressure sensitive tape. 
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Ficure 39—Procedure for multiple paper section 
winding, 


Wind three turns and shift guides to the start position of the 
coil, then insert adhesive tape, adhesion side up, Set counter to 
zero. Wind one turn, cut and fold tape as shown, securing start 
lead of each coil. ‘This must be done with care in order not to 
displace the first turn of wire. 
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Wind first layer. At the last turn insert first layer of paper as 
shown, 


Wind second layer. Insert paper between each layer. 
Let us assume the coil should have a tap. 


Stop the machine about feur or five turns before the full count 
to the tap location. 


Shift the wire guides to the left edge of the coil and insert ad- 
hesive tape, adhesion side up. 

Wind the finish turn to the tap, cut the tape and fold over as 
shown. 


Insert a layer of paper and wind at least three turns of wire in 
the margin. 

Then shift the wire back to the start position, insert tape, wind 
the first turn, cut the tape, fold over and wind the remainder of 
the coil, always inserting paper between cach layer. 


Use the same procedure to finish the winding as for placing 
the tap lead in the margin. When the wire guide is moved to the 
margin, one long strip of adhesive tape should cover the whole 
length of the coil thus holding the finish lead in place. Remove 
the whole arbor from the machine without cutting the wires. In- 
sert a new arbor. It will be simple now to place and secure the 
start leads since their lineup is provided by the finished arbor. 


Finally, the sections are cut apart by a band saw using a special 
paper cutting blade and a suitable jig. Care must be exercised to 
cut into the margin and not into the winding. It is often desirable 
to cover the coils with a final layer of heavicr paper. After the 
finish turn is completed and before the guide is shifted to the 
margin, a layer of gummed kraft paper should be inserted. A few 
additional turns, wound on top, will hold the kraft paper until 
the glue is dry. 

When shifting the guides into the margin, care must be exercised 
so as to not wind in the path of the saw. ‘The turns wound in the 
margin will provide the wire for the start and finish leads. 

When inserting the paper (kraft paper or glassine paper is 
common) cate must be taken so that the paper will not wrinkle. 
It will understandably wrinkle if the wire tension is uncqual, 


The insertion of paper can be done by a well trained operator 
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without stopping the machine after each layer. The paper is pre- 
cut and is fed by hand. 


In pre-cutting the paper, various lengths should be provided 
since the coil circumference increases with the addition of cach 
new layer. 

A heavy roll of paper can be mounted beneath the table. ‘The 
paper is fed in front of the operator over the edge of a table. A 
blade is used to cut the paper on the table from which it can be 
inserted into the winding at the very moment one layer is com- 
pleted. 


A tape dispenser should be provided to supply tape in a hori- 
zontal direction, parallel to the arbor. 
Manually operated marking knives, which are set to the width 


of the coil desired, can be used after the winding process has been 
completed. 


The vacuum process of impregnation of these paper sections is 
highly recommended. 


CHAPTER 3 
THE UNIVERSAL TYPE WINDING 


1, CONSTRUCTION. The universal type winding is used ex- 
clusively in the radio field. Electrical currents at frequencies higher 
than 20,000 cycles per second require a more careful design of 
coils. In order to minimize dielectric losses, to reduce the dis- 
tributed capacitance and to increase the O-Factor of a reactor, 
the universal type winding and in limited cases the progressive 
universal type winding are highly recommended. 


Whereas the layer wound coils have their wires wound parallel 
to cach other in a right angle to the axis of the coil, the universal 
coil has its wires crossing cach other. These run in an angle of 
about 75° to 80° to the coil axis, and the geometry of such a wind- 
ing results in the construction of a coil whose wires are sclf-sup- 
porting. 

As illustrated by Fig. 40 the wire starts at point (1), runs across 
the coil surface to point (2), and continues along the circumfer- 
ence of the coil to reappear at the top of the coil, as shown in the 
drawing, where it passes over the first turn at point (3). At point 
(+), it changes direction to again run across the surface of the coil. 





Figure 40—Construction of the universal winding, 


As will be noticed from Fig. 40, there is a slight distance be- 
tween the two adjacent changes of direction, point (1) and point 
(4), at the coil edge. This distance or progression at the coil sur- 
face is responsible for a stable mechanical construction of the 
winding. 

The sketch in Fig. 40 actually represents a universal type winding 
with four changes of direction per turn, or to use the more popular 
terminology, the winding shows four crossovers per turn. The 
selection of the correct number of crossovers per turn is of funda- 
mental importance in coil design and is discussed in a later section 
of this chapter. 
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The process of winding a universal coil is such, that while the 
coil form turns continuously, a small button guides the wire from 
one edge to the other and back. This button is mounted to a 
shuttle mechanism and its movements are directed by a_heart- 
shaped cam. The rotation of the cam is directly related to the 
rotation of the coil form by means of gears, ‘This relationship is 
expressed as a ratio. lor example, the cam can be geared to rotate 
only half a turn or through 150° while the coil form rotates one 
complete 360° revolution. In this case the ratio will be: 


360 : 180 = 2: 1 


The scheme in Fig. 41 illustrates the principle of a universal 
winding machine.* 





Ficure +1—Mechanism of a universal winding 
machine, 


We have in number (1), the main shaft which is rotated by a 
motor. Number (2), is called the driver gear and it is mounted on 
the driver shaft, ‘The latter is coupled to the main shaft with the 
aid of two helical gears. Number (3), is called the idler which 
links the driver gear to the cam gear, the latter being marked (4), 
The cam gear and the cam, (5), are mounted to a common shaft. 
At point (6), the tip of the shuttle rod (7), rides on top of the cam 
surface. While the cam rotates around its shaft, this tip and the 
whole shuttle mechanism (8), moves first from left to right and 





"Geo. Stevens Mfg. Co. models 120, 125, 220, and 225 


GEARS AND CAMS 45 


then from right to left and so on, continuously oscillating. ‘I'hus, 
the shuttle 1s permitted to guide the wire to the correct location on 
the coil surface (9). While winding, the coil diameter will enlarge 
with increasing turns. Therefore the shuttle mechanism is also 
made movable up and down, the center of its movement is the 
shuttle rod. 


2. GEARS AND CAMS. Gears are marked in accordance with 
their number of tecth, and cams are marked with the length of 
excursion expressed in decimals of one inch. 


40,000 and more gear combinations can be mounted in a uni- 
versal gear box using a conventional set of gears ranging from 20 
teeth to 120 teeth and a standard set of idlers (1:1; 1:2; 1:3; and 
inversely ). 

This large number of gear combinations clearly indicates that 
it is time saving to select by calculation the one desired gear com- 
bination that matches a specific coil design, rather than to try 
various combinations of a limited selection of gears and achieve a 
compromise selection by trial and error methods. 


Cams usually range from 0,032 up to 1.250 inch, in steps of 
1/64 inch. The shape of a cam is rather critical and requires a 
precise layout. Fig. 42 shows the curve of a heart-shaped cam for a 
universal type winding, which is linear in respect to the degree 
of rotation. 


Special cams, having two or three maxima and minima can also 
be used, but are very uncommon. Non-linear cams, such as 
sinusoidal types, do not provide the necessary mechanical stabil- 
ity for a self-supporting coil and are therefore limited to onelayer 
coils. ‘They are frequently used for the progressive universal type 
winding. 

In order to make the shuttle follow precisely the cam shape, it 
is necessary to match the tip of the shuttle rod to the cam used. 
Standard cams for 1/4 inch shafts are milled with a 3/16 inch 
diameter milling cutter. By cutting these cams, the center of the 
cutter describes the exact line, while the cutting edge determines 
the appearance of the cam. See Fig. 7 (Chapter 1, Section 3). In 
order to make the shuttle follow the true cam line, its tip must 
have the same radius as the cutting tool. A tip to match standard 
cams therefore will look like Fig. 43. 


A non-matched tip and cam pair will cause the wire to slip, 
form an irregular coil and cause turns to drop. 
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Ficure 42—Layouts of a heart-shaped cam. 
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Ficuret 43—Cam follower for standard umyeéersal, 
heart-shaped cams, 
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The shuttle mechanism must be free of play, and the tip must 
press against the cam with just sufficient force to prevent the tip 
from jumping. This alignment has to be done with more accuracy 
than is usually necessary for all other types of windings. Lubrica- 
tion must be provided, Metallic Lubricant HT-3 or equivalent and 
felt nngs provided near the tip are recommended. 


3. GEAR BOX SETUP. The gear boxy, as shown in lig, 44° con- 
tains a driver gear (1), a bracket with a set of idler gears (2). a 
cam Shaft with a cam gear (3). A spacer and a cam are not shown 


in lig. 44. 





Ficure. 44—Universal gear box, location of driver: 
idler-and cam gers. 


After mounting and tightening the driver gear, the cam gear 
can be pushed over the cam shaft. The spacer and the eam will 
follow. A lock washer and a hex-nut secure the cam and gear 
to the shaft. A pin inserted through the gear box top and cam 
shaft prevents the cam shaft from turning during the alignment 
procedure. ; 

Next the idler is loosely screwed against its mounting plate, 
By turning the hand wheel of the machine in the winding direction 
with the left hand, the right hand can firmly press the idler gears 
to mesh the driver and cam gears. 

Continuous turning of the hand wheel will indicate how much 
tension of the idler gears is necessary to provide a smooth opera- 
tion, Binding and grinding gears will cause rapid wearing and a 
rather noisy operation. 
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Mevre +5—Universal gear box, mounting of 
shuttle yokes. 


I'inally the shuttle yoke goes into place as shown in Fig. 45. 
[ts rods should be kept free of wax and cement (often used with 
or near the machine as part of the total operation to secure the 
finish leads), and they should be free of burrs and move easily and 
evenly through all bushings. ‘Iwo types of vokes are recom- 
mended: One for cam sizes ranging from 0.032 to 0.750 and one 
for cams from 0.750 up to 1.125 in. as shown. (Resp. 1,250 in. for 
larger machines* ). 
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Ficure 46—Universal gear box. points of 
lubrication. 


The shuttle rod and the wire guide mechanism should be prop- 
erly adjusted and all points of friction should be sufficiently 
lubricated (See Fig. 46). All exposed machine parts should be 
kept free of oil in order to enable the operator to produce clean 
and oil-free coils. The exposed non-moving parts are enameled, 
the enamel used being oil and wax proof and able to withstand 
all solvents used in the coil manufacturing process such as acetone, 


“Geo. Stevens Mfg. Co. model 220 


WIRE GUIDE ADJUSTMENT 49 


alcohol and trichlorethylene. The enamel is also resistant to many 
chemical wire stripping solutions. 


4. WIRE GUIDE ADJUSTMENT. Much attention must be 
given to the wire guide and its adjustment. Fig. +7 shows different 
types which are in use at the present time. 
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Picure 47—Various types of universal wire guides. 


A, illustrates the so-called ‘winding needle” with or without the 
slot (1), in the “eye” (2). B, shows the most versatile “combination 
winding eye” used on large disc windings (high voltage coils). C, 
shows a typical winding “‘button” used in varying widths. D, illus- 
trates a “winding roller” which is, of course, limited for use with 
the specific wire size for which each roller is designed, and consists 
of a cylinder with ball bearings and a small groove cut in the 
circumference to guide the wire. This type does not need adjust- 
ment and is therefore recommended for coils with large increasing 
diameters, Its relatively large weight is not conducive to rapid 
operation. Vinally, E shows a simple “winding finger” and F, 
a tather expensive winding needle featuring a “carballoy tip.” 
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‘The adjustment of these various types of wire guides is in many 
respects critical. All guides have one thing in common: the port 
of exit, or the point where the wire leaves the guide and finds its 
place in the coil. ‘The winding necdle, containing the eye, requires 
very careful attention. Fig. +5 shows the construction of the eye. 
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icure 45—Condition of winding eye. 
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Point (1), although requiring reasonably smooth edges, must 
run out in a sharp, definite and symmetric form. The bottom side 
must be smooth and free of grooves. Iyes which should be re- 
placed will show a double groove caused by wear from the wire 
passing through it, as seen in Fig, 48. 

Winding with glass-fibre insulated wire causes needles to wear 
very rapidly, and it is recommended that carballoy tips be used. 
Buttons as shown in Fig. +7-C can easily be re-ground on a surface 
grinder. Buffing of all wire guides is a necessity. Surface hard-- 
ened (electrolized) guides wear longer than others. 

The wire guide will touch the coil surface at a certain line. 
Perfect parallel alignment of the guide in respect to the center 


of the coil shaft is required. See Fig. 49. 
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The port of exit has to be in a definite position to the line at 
which the guide touches the coil, as demonstrated in Fig. 50. 

Dropped turns and stripped wire insulation are most commonly 
caused by incorrect guide settings. 


5. GUIDE PRESSURE. The nature of a universal winding re- 
quires that the wire guide force the wire into its place with a slight 
pressure. This guide pressure must be maintained within certain 
limits during the entire winding process. 


GUIDE PRESSURE >] 


WRONG CORRECT WRONG 
Ficure 50—Tangential alignment of wire guide, 


Observe the location of the part of exit in respect 
to the point of tangency. 


Most wire guides, as previously described, supply the necessary 
pressure partially by the weight of the guide and partially by the 
tension of the wire which, when transformed by the lever action 
of the roller, adds to the initial weight. 

The amount of pressure added by the wire tension will increase 
when the tension increases. Some devices, however, increase thcir 
tension when the winding speed increases. Thus a fast winding 
speed may cause universal windings to flatten and even cause tums 
to drop. ‘The conyentional winding arm also increases the pressure 
when the coil diameter increases. Thus it is obvious that an im- 
proper combination of wire guide and tension device resulting 
in incorrect guide pressure can cause many difficulties. 

The winding finger, for example, does not provide this leyer 
action. In this case it is the friction of the passing wire which forces 
the guide against the coil. Smooth wire and slow winding speeds 
together with the use of constant tension devices require the use 
of small springs or rubber bands in order to hold the finger against 
the coil surface. 

The winding needle can be modified by attaching a roller directly 
above the shuttle shaft, as illustrated in Fig. 51, The same modif- 
cation can also be done with the winding finger. 





Micure 51—Modified winding needle, Highly recom- 
mended for progressive universal windings. 
(Sce Chapter 4) 
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6. DISC WINDINGS AND FLYBACK-COILS., Fig. 52 illus- 
trates the problem involved in winding a universal coil whose 
diameter increases during the winding process. This problem is 
encountered when winding high voltage television transformers, 


At the start of the winding, the guide appears to be properly 
adjusted and touches the coil near the port of exit. The port is 
near the point of tangency of the circle. However, with increasing 
coil diameter, the guide rises, and the port of exit separates from 
the pomt of tangency. Iinally, the wire guide loses its function 
because the port has risen above the coil and is now separated by 
a distance sufficient to allow the wire to slp and drop. 





Figure 52—Misalignment caused by the rise of the 
port of exit with increasing coil diameter, as en- 
countered durmg the winding of typical flyback-coils. 


Of course, the guide could be adjusted initially for the maximum 
diameter of the coil to be wound. However, this adjustment would 
be incorrect for the first layers of the coil and would result 
in an irregular pattern at the beginning. A mechanically stable 
and uniform winding of the initial lavers is essential if a large 
self-supporting coil is to be built. The whole problem reminds 
one of the more classical example which deals with the proper 
placement of pickup arms and cartridges on phonographs. Here 
also, a specific start location and angle of tangency to the circle 
must be found. 


The geometrical analysis of the required relationship between 
the port of exit and the point of coil tangency may be summarized 
in the following words to form a simple rule of thumb. Refer to 
Fig, 53: 


Imagine a line drawn between the center of the 
shuttle rod “A” and the center of the coil shaft “B”, 


l'rom the center of the coil shaft, 90° to the line 
AB, imagine another line, BC. Then visualizing the 
diameter of the coil form to be doubled, place the 
stide button in a position parallel with AB so that 
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the guide would be tangent to this doubled diameter 
and would touch at point “C”. 


Note that at the start of the winding, the guide rests 
toward the rear of the coil. 





Mrcure 53—Rule of thumb for the proper align- 
ment of a combination wire guide. 


‘The conventional type wire guides are not designed to permit 
this adjustment. The combination winding eye, as shown in Fig, 
47-B is recommended. ‘The so-called winding roller, lig. 47-D is 
very massive and therefore not frequently used nor recommended. 
The finger-type, however, can easily be bent into shape and is very 
helpful in laboratory work where setups are frequently and rapidly 
changed. In production, the finger-type wears rapidly, and its re- 
placement makes it necessary to repeat the whole adjustment 
procedure, which is time consuming and therefore costly, espe- 
cially where multiple machines are used. 


Disc windings contain many crossovers per turn, which means 
that the shuttle will move frequently back and forth while the 
machine slowly adds one turn to another. Multiple setups are 
recommended for economy of operation. The gear selection must 
be chosen, however, with many considerations, of which further 
details may be found in Sections 16, 17, and 18 of Chapter 3. 


7. THE BEHAVIOUR OF VARIOUS WIRE INSULA- 
TIONS. Served wire, such as nvlon-textile serving, is most suit- 
able for universal winding. Ccelanese-textile and silk-textile have 
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a tendency to strip easily while running through tension devices, 
rollers and eyes. Impregnation of this type of coil is very effective 
as an aid to coil stability and for reducing electrical losses due to 
humidity. 


Most types of wire are shipped and supplicd with a thin film 
of oil on their surface. The removal of this oil is a necessity 
where coated wire (no textile serving) is used to wind universal 
coils. A trichlorethylene degreasing process may be applied if 
precautions are taken. Long exposures of the wire to the solvent 
must be avoided. It is very necessary that the wire be absolutely 
dry when it is wound into the coil or storage spool. Dusting the 
wire with natural rosin provides in addition good adhesion prop- 
erties during the winding process. 


As mentioned previously, the wire must lie at an angle of 75° 
to 80° to the coil axis. With a nylon-textile insulated wire, de- 
greascd and rosin covered, angles of less than 75° may be obtained. 
This possibility should not be forgotten when large diameter coils 
(disc-windings ) are to be produced. 


‘The use of plain-cnameled copper wire is not recommended 
since the insulation is too soft. l’ormvar*, Nylonenamel, Nylclad*, 
Soldereze* and Solderex*, Celenamel* and a few others are suit- 
able. ‘Teflon insulated wire is rather slippery and is not recom- 
mended. All textile served wires are ideal for universal winding 
purposes. 


Stranded wires can be wound. as well. However, it should be 
remembered that only round wires will provide a clean and fault- 
less winding. Litz wire with 7, 19, 37, 61, ete. strands are the only 
syminctnic types, and their cross section, together with the textile 
serving, most closely approaches a perfect circle. Here again, a 
carefully considered compromise between mechanical uniformity 
and clectrical performance should be made. 


$8. WINDING SPEED AND PRODUCTION SETUP. In 
predctermining the maximum winding specd of a universal wind- 
ing operation, which is expressed in revolutions per minute, the 
following limitations to the top speed should be considered: 


The shuttle mechanism is subjected to speed limits 
which depend upon the cam size being used, 
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The heavier wire sizes will apply a greater opposing 
tension to the winding torque of the machine, the 
latter driving with a specd limited by the power of the 
motor rather than as a result of the other factors. 


vi 


‘The finer wire sizes obviously require a great deal more 
care and more attention during the winding operation. 
‘The winding speed will mainly be limited in this case 
by the type of tension devices and reelers being used. 


By careful analysis of all operations which are to be performed 
by the operator on the winding machine, production time may be 
greatly improved, It should be remembered that all operations 
not necessarily related to the actual coil winding process, should 
be taken away from the machine operator in order to keep the 
machine operating productively at all times. However, during long 
coil runs (coils with many hundreds of turns) the operator can 
devote spare time to additional job operations. 


The basic machine operations are: Chucking the coil form, 
securing the starting lead, adjusting the counter and switch set- 
tings, winding, tap placing (where taps are required), securing 
the finish lead, and removing the finished coil. 


The facility to: rapidly chuck a coil form is a requirement of 
good chuck design. Refer to Chapter 1, Section 11. Also the start 
lead must be secured to the chuck. The placing of a tap requires 
excessive delaying of the machine. A smal] needle (crochet) with 
a hook allows casy and even twisting of the wire. The finish lead 

can be secured the most rapidly with wax or pressure sensitive 
tape or fast drying cements, depending upon the type of impreg- 
nation material used later. Also, taps can be secured with wax 
or tape. However, tape should not be used on coils wound with 
fine wire since the thickness of the tape will appreciably deform the 
cylindrical shape of the coil resulting in winding irregularities. 
A tap can be knotted by a skilled operator so that it will not re- 
quire any tape or wax. See illustrations in Fig. 54. 


The location of the winding machine and its related equipment 
is of indisputable importance. The machine, for example, should 
not be assigned a permanent location in the company. A so-called 
winding department does not always prove to be most efficient. 
Universal machines are bench models and can be inserted into 
the production line at the most expedient location. Shelves nearby 
for wire storage are desirable. 
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Micure 54—Tap knotting and twisting. 


A model setup for winding coils may look as illustrated in Fig. 


55. 





Ficure $55—Typical coil winding setup. 


Fig. 55 shows in (1), the operator, (2), the machine, (3), the 
motor, (4), the wire supply and tension device, (5), the coil form 
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supply box, (6), the wax pot and a brush, (7), a tape dispenser, 
(8), spare wire, and (9), a board for tools located on the machine. 


Multiple setups are recommended for coils requiring long run- 
ning periods. However, if a coil requires one or more taps, the 
advantage of multiple setups is questionable. A multiple chuck 
and additional wire guides and tension devices are usually all that 
is required to change from single to multiple setups. 


9, PIWINDINGS. Winding devices for pi coils vary from 
simple setups to semi-automatic machines, The sizes of coils vary 
from tiny 4 inch diameter coils (‘TV peaking coils) to large high 
voltage pulse transformers as used in T'V sets or other scope 
equipment, 


The production of pi coils can be accomplished by two basically 
different methods. ‘he first method requires shifting the wire 
guide trom one pi position to the next, while the coil form remains 
in its original position. In the second method the position of the 
wire guide remains stationary, and the coil form is shifted instead. 





Ficure 56—Various types of pi-wmdings. 


Shifting the wire guide can be done very simply as shown in 
Fig, 57. The winding arm, mounted to a bushing, rests against a 
sleeve lock on its left hand side as illustrated in the sketch. A long 
cylindrical coil spring applies pressure against the arm-assembly to 
keep it in this first position. This would be the position of the 
arm-assembly for winding the first pi. After completion of the 
first pi, a spacer is inserted between the arm-assembly and the 
sleeve lock. The finish lead is carefully shifted from the first pi 
to the start of the next pi. This is done by turning the coil shaft 
in winding direction for about one-fourth of a turn by hand 
while inserting the spacer. 


The third and fourth pi are made in the same manner. The 
width of a spacer is equal to the dimension @ as shown in Fig. 56. 


The spacer resembles a horseshoe. This method of spacing is 
simple and sufficient for small quantities or experimental work. 
An improvement of the same basic principle employs a bushing 
which has sawtooth-like steps, Again, a spring holds the wire guide 
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Ficure 57—Pi-winding method employing a horse- 
shoe spacer. 


in its proper position for winding cach separate pi. When shifting 
from one pi to the next, the guide or arm will simply be pushed 
until the spring-blade snaps into the next position, see Mig. 58. 





Ficure 5$—Piwwinding method employmg a step 
bushing. 


The two previously described methods have but one disadvan- 
tage; the winding speed is limited. At and above certain shuttle 
frequencies, the pressure of the coil spring will be overcome by the 
force of the shuttle striking against it, thus displacing the shuttle 
from its true cam line and resulting in dropped turns. Because 
of this limitation, the use of the horse-shoe or step-bushing 1s not 
recommended for winding high voltage coils or disc windings where 
a higher number of crossovers per turn results in high shuttle fre- 
quencies, 


The second method, as mentioned at the beginning, features 
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a fixed shuttle mechanism and instead moves the coil form from 
one pi to the next, thus removing the concern of shuttle frequency, 


The winding machine is of a different design. It closely resem- 
bles the type of winding machine used in winding progressive- 
universal coils, ‘The machine has a hollow main shaft carrying a 
telescope-like extension inside. The arbor with coil form is 
mounted at the end of this extension. A bearing allows the ex- 
tension to be guided freely by a rack. 


Fig. 59 shows the function of a typical progressive-universal 
machine. The bearing, arm and rack comprise an assembly which 
is moved in one direction by a pinion gear. The latter gear rotates 
proportionally to the number of main shaft revolutions. Gears 
located in the progression gear box determine this relationship. 
The crank in front of the machine is mounted to the pinion- 
shaft and a simple clutch assembly. Rotation of this crank re- 
turns the rack to its starting position. 
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Ficurr 59—Principle of a progressive universal 
machine, 


Disassembling or disengaging the gears in the progression gear 
box enables the operator to shift the coil form from one pi to the 
next simply by turning the crank. Provisions for holding the rack 
and form in the desired position while winding one pi must be 
provided, Either a notched disc or special cam can be mounted 
to the back of the machine in place of the driven gear and a 
ratchet mounted in place of the idler can be used to hold the 
disc in place. An attachment to the rack similar to a comb in 
connection with a spring-pin assembly will also do the job. Both 
attachments are shown in lig. 60. 
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Figure 60—Vanous piwinding attachments used 
in connection with a rack driven machine, 


The most advanced method employs a very versatile machine 
similar to the progressive-universal type. ‘The rack and telescopic 
shaft are also the same as used with the universal winding type 
mechanism. Flowever, im this case the rack is not driven by a 
pinion gear but by a large cam. The machine is described and 
lustrated in Chapter 4, Section 5, 

For the purpose of winding pi coils, a step-cam can be mounted 
on the shaft. The distance a as explained at the beginning of this 
chapter will be represented by the difference in radius of each 
section cam. The cam will have as many sections as the num- 
ber of pi-sections to be wornd, plus one retum section. The 
rack 1§ spring-operated in this case. The gear ratio in the pro- 
gression gear box, which determines the relation between the cam 
and coi rotation, will also determine the number of turns per pi. 
If cach cam section has the same angle y, each pi will have the 
same number of turns. Otherwise, the ratio of the number of 
turns of one pi to the other will be equivalent to the ratio of one 
section to the other expressed in angular degrees. 

The great advantage of this machine lies in its speed. It is not 
necessary, for example, to stop the machine while shifting from 
one pi to the next, since the machine performs its function auto- 
matically. An automatic stop assembly consisting of a counter and 
switch plus an automatic brake makes this machine perfect for 
large quantity production. 


I). THE DESIGN OF A STEP-CAM, The step-cam and. its 
layout (polarcoordinated and rectangularly coordinated ) as shown 
in Tig. 61, is typical for a three pi coil having an equal number of 
turns for cach pi. 

The 360° of the cam are divided into four sections, one for cach 
pi plus one retrace section. The retrace section should cover a 
distance sufficient so as to limit the angle for the rack to climb to 
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licure 61—Layouts of a step cam, employed for 
winding pi-cails. 


not greater than 8 — 30°. Commonly the retrace section occupies 
at Icast one third of the cam circumference, but preferably one 
half or 180° as shown in the sketch. 


The gear drive in the back of the machine will be such that the 
180° active cam rotation will be performed during the winding of 
the whole coil. This means that a pi coil, having a total number 
of 3 « V turns, will require such a back-ratio so as to provide one 
half of a cam rotation during 3 x V main shaft turns. A standard 
model winding machine is already provided with a transmission 


ratio of 100 : 1 between the drive shaft and the main shaft. 
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We refer to the ratio of the number of teeth of the cam gear 
to the number 3f teeth of the driver gear as r, (this case deals with 
the back-gears only) and will result in the equation: 


Vit VV, +A v0.) % 360 


ry, = 


100 x (yi + yz + ya + aie 


Simply stated, the gear ratio equals the ratio of the total number 
of turns divided by 100 multiplied by the fraction of the active cam 
section. 


Example: 3 pi-sections totaling 198 turns, 


First pi has 66 “ 
Second pi has 66 
Third pi has no * 


Since the retrace section occupies 180°, each 
of the pi-sections will occupy 60° 


To select our proper gear combination we 
equate 


(66 + 66 + 66) x 360 71280 
ry, = — Ho . = —— = 3.96 = 4— 0,04 
100 x (60 + 60 + 60) 18000 


Referring to the table of reciprocals 
0.04 = 1/25, 


By substitution 
| 100 | 


—_——— — 
25 25 25 
y= 99/25 





Ty — 


Therefore our proper gear combination should 
consist of the following 


Cam gear: 99 teeth 
Driver gear: 25 
Idler gear: 1: 1 


In a case where the number of turns varies from pi to pi, the 
total number of degrees of active cam rotation must be divided 
into varying sections. 
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The following example explains the construction of a four pi 
coil having a different number of turns in each pi and using a cam 
which has a 120° retrace section, leaving 240° for active cam 
rotation. 


Example: 4 pi-sections totaling 218 tums 


First pi has 80.“ 
Second pi has 68 “ 
Third pi has 30 
Fourth pi has 20 


Active cam rotation : 240° 


240 
—- = 1].10092° per turn 


80 = 1.10092 = 88.07360° (88 degr.*) 

68 x 1.10092 = 74.86256° (75 degr.*) 

50 & 1.10092 = 55.04600° (55 degr.*) 

20 * 1.10092 = 22.01840° (22 degr.*) 

(*The precision of the cam-cutting machine 
will determine the required degree of accu- 
Tacy), 


The exact gear ratio can be determined by following the pro- 
cedure described in the previous example after entering the total 
amount of active cam rotation in the denominator of the formula 
for 15. 


Il. THE WINDING OF IF-TRANSFORMERS. Universal 
windings are emploved at the standard mtermediate-frequencies 
which fall in the range below 4,5 megacycles. The tusual [F-Trans- 
former consists of two windings on one coil form which are in a 
definite electrical relationship to one another, usually defined as 
coupling and in practice measured in terms of mutual inductance. 
The value of this coupling often results in a very critical mechanical 
problem, since both windings are wound in parallel, and the 
mechanical distance between them determines the amount of 
electrical coupling. 

A typical Il'-coil is shown in Fig. 62, Both windings must not 
be identical in their number of turns. As a practical measure they 
will have the same width, since this allows both coils to be wound 
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at the same time on one winding machine using the same cam and 
gear setup. 














y 
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Fieure 62—Typical IF-transformer windings. 






'l'wo wire guides are operated on the same shuttle shaft. ‘he 
start and finish leads for both coils are secured at the same time, 
and both coils are wound simultancously. 


Vig. 63 shows a highly recommended setup* as scen from above. 
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Figure 63—IF-winding setup, as seen from above. 


Notice that two needle wire guides are employed and that this 
type of machine has its wire guides and shuttle in the rear and 
shows the operator sitting in front directly facing the coil. ‘The 
tailstock release is foot operated. lig. 64 illustrates the type of 
coil clamp used to assure most tapid operation, 
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Wicure 64—Clamping device for Il-\winding, see text, 


“Geo. Stevens Mfg. Co. model 121 
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It consists of two parts; one driving member attached to the 
main shaft, and one live center bushing, attached to the tail stock 
of the machine. Both parts, as shown in Fig. 64, feature a notched 
shoulder. When starting a winding, the start lead is simply pulled 
over the corresponding shoulder. Slight finger pressure, applied 
against the smooth section beyond each shoulder, will cause the 
start lead to wind itself onto the smooth section during the first 
few revolutions. 


After winding a few turns, the crossing turns of the universal 
winding will have sufficiently secured the first layer thus prevent- 
ing the coil from loosening. The finger pressure can be released 
and the winding operation be completed. The type of coil clamp 
described elimimates the need for extra lead securing clips, and the 
micthod used reduces time spent for lead securing, thus cutting the 
cost of the product. 


Of great aid in winding IF-coils is a threaded bushing support- 
ing one of the wire guides. Frequently it is desirable to have a 
rapid means of changing the distance between both windings. The 
threaded bushing in connection with a tapped wire guide arm, as 
shown in Fig. 65, will do the job well. 
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Ficurr 63—Mechanical means for the control of coil 
spacing. 

Often times a problem arnves where both windings are required 
to be wound with different wire sizes. It is possible to wind both 
selections at the same time if the difference in both wire sizes 1s 
not too great. The larger wire size value should be applied to the 
universal gear formula in this case. Gears which will provide a 
tight winding for the larger wire coil, are usually satisfactory for 
the smaller wire coil also, Consideration must be given in a case 
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like this, where the wire guides will rise at different rates. Suth- 
cient play between both guides is therefore very essential. 


Where both sections having the same size wires are wound very 
closely together, the guiding needle frequently must be reshaped 
in order to clear the neighboring section. Coils can even be wound 
side by side and made to touch each other by spacing the two wire 
guides exactly one cam size apart. The guides in this case will slip 
over the neighboring coil. If the guide 1s smooth and even on its 
lower face, no damage will oceur, In this case the use of a threaded 
bushing becomes necessary, since differences of less than 1/64 inch 
will distort the even appearance of the coil. 


12, UNIVERSAL BIFILAR. Biflar windings, frequently used 
in ratio detector circuits, can be made without difhculty in the 
universal style. ‘The wire guide should have a sufhcicntly large port 
of exit to permit both wires to pass in parallel. From the types of 
guides shown in lig. 47, type A is the most suitable, next is the 
simple fnger-type shown under EK, The other types are not recom- 
mended. 


Two separate wire tension devices must be provided, and it is 
advisable to space both devices, one on the left side and one on 
the right side, in order to prevent the wires from crossing and 
tangling with one another while winding. 


Various colored wires are often used to favor easy assembling. 
Wires of different sizes can be wound in parallel if the ditference 
in size is not too great. The use of one textile-served coated wire 
and one bare coated wire is quite popular. 


The gear combination should be calculated or taken from the 
alignment charts in the appendix. However, the value for 6, the 
total wire diameter, should be the sum of the two single wire 
diameters. 


13, HONEYCOMB WINDINGS. In the early days of radio, 
the honeycomb winding was in fashion. This coil can be com- 
pared to our present universal winding, except that it is provided 
with a large spacing between wires. Selecting the correct gear com- 
bination and observing a few simple precautions, this type of coil 
ean be wound on a standard universal winding machine. 


In addition to the large wire spacing, the winding is character- 
ized by a straight wall pattern. See Chapter 3, Section 17. The 
progression between adjacent crossovers at the coil edge is chosen 
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to be very large, and it is a relatively simple fraction of the circum- 
ference of the coil. Each individual turn of the winding cycle is 
exactly covered by each corresponding turn of the following wind- 
ing cycle, thus leaving large openings on the surface of the coil. 


This type of winding is still in use where low distributed capaci- 
tances are required of coils which are limited to the shape of a 
universal coil for mechanical or electromagnetic reasons. However, 
the progressive universal coil has taken the lead in popularity where 
low loss coils are required. 


I¢4. OSCILLATOR COILS AND C — WINDINGS. Fre- 
quently oscillator circuits use coils which have a tank winding 
adjusted to plus or minus 42%, accuracy in inductance together 
with a feed back winding or small interwound capacity winding. 


The inductance may be varied by merely bending the coil in or 
out of shape. The O-Factor will suffer as a result, however, for- 
tunately it is not of too great importance with this type of coil. 
It will be found that by squeezing in toward the center of the coil, 
the inductance will either go up or down. The direction in which 
the inductance changes depends mainly on the original shape of the 
coil. Squeezing the opposite sicles of the coil will cause it to change 
in the opposite direction. Trial and error will provide the basic 
tules for the proper direction of squeezing. 


‘To build these coils so that squeezing will be effective, the gear 
combination should be such as to provide relatively loose winding. 
The gear formula will have to be chosen for a larger value for 3, 
the total wire diameter. The samme tule applies, should the align- 
ment charts be used. 


15. SELF-RESONANT COILS. The popular “peaking coils” 
uscd in ‘l'V sets belong to this class of coils. The distributed 
capacitance and the truc inductance of the coil form a tank circuit 
which resonates at a specific frequency. By changing the capaci- 
tance (which is always small compared to the inductance) rather 
than by changing the inductance or number of turns, the coil can 
be brought to the desired resonant frequency. A grid dip meter 
will help to achieve the desired resonant frequency. Varying the 
gcar combinations to obtain a tighter or looser winding, varying 
the cam sizes or the number of turns per layer will provide sufh- 
cient range. Various impregnating materials should also be con- 
sidered since their dielectric constants range from 2.5 to 7, Uni- 
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form coil form diameters and uniform impregnation must be 
provided for production purposes. 


16, GEOMETRY. Observing the surface of a universal coil, it 
will be noted that the wire crosses from one edge of the coil to 
the other and that after one or a multiple of one complete turn, 
the wire passes close to the starting point, thus completing one 
winding cycle. 

The term crossover is applied to each straight section of wire 
crossing the coil surface. Each change of direction that the wire 
undergoes at cither coil edge while guided by the cam minimum 
or maximum shall be referred to as a bend. A stable and self- 
supporting coil will be obtained only when the angle between the 
wire and coil axis is within 75° to 86°, the recommended optimal 
value being 78°. 

This means that the number of crossovers per turn, signified 
by the letter », will be determined by the tangent of 78°, the coil 
width ¢, and the circumference d of the coil form, as follows: 


ay = Xd “ 
tan 73° = —————— = 1.705 
nxXe 
lig. 66 illustrates the geometrical layout of a coil surface pattern, 
having two crossovers per turn. 





Micuax 66—Geometry of the universal winding, 


7 & d/nis the circumfcrential distance from one bend to the 
next, as measured on the coil surface perpendicular to the coil 
shaft. Therefore solving for n we have 
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«xd 
“= ——cx«“ 
lan 78° xX c 
(6 2xd 
n = .b66 — = —— 
c ax C 


lig. 66 also illustrates that the winding cycle of a coil having two 
crossovers per turn is completed after one turn. For other num- 
bers of 7, winding cycles can haye more than one turn. A list of 
various patterns can be found in Section 17. 

The product of the number of turns per winding cycle and 
the number of crossovers per turn yields the number of cross- 
overs per winding cycle, designated by the letter q. 

After the completion of one winding cycle, there will be noted 
a small progression between bends of adjacent wires at the coil 
edge. This progression together with the angle between the wire 
and coil axis is highly responsible in obtaining a mechanically stable 
coil. ‘lhe amount of this progression per winding cycle depends 
upon the cam and wire size in addition to the characteristics of the 
coil pattern. 


We shall identify the center spacing between two adjacent turns, 
as measured parallel to the coil axis, by the letter s. Let us assume 
that the desired center spacing is 


s = 125 x & 


where § is the total wire diameter including all insulation. Since 
the coil width equals c (measured between the centers of the ex- 
treme outside wires), we will have 


c/s = cf1.25 xX 8 


being the number of wires or turns appearing on the coil surface. 


If we now observe that each wire lying on the surface must 
undergo a bend when reaching either coil edge and that such a 
series of bends equivalent in number to the number of wires on 
the surface, will occupy the length + x d/n (See lig. 66), we can 
say that nm times this number will be the total amount of bends 
designated by the symbol N, which crown the coil edge for 360° 


nxXc/125 x8 =WN 
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Fig. 67 shows the appearance of one double layer with N bends 
on either edge. 





ligure 67—Appcesamece of one double layer, 
universally wound. 


As N is the number of bends per circumference, Nq/n will 
be the number of bends per winding cycle, since q/n is the 
number of turns per winding cycle. Therefore 


NX q mXCXq CX 
nm  125X8X%n £41.95 %8 


The reciprocal of Nq/n will be that fraction representing the 
progression observed on either edge after the completion of one 
winding cycle 


n _ 125 x8 
NX q q xe 


‘The gear ratio designated previously as r is 


rotation of coil shaft (in degrees) 


rotation of cam shaft (in degrees) 


which is equivalent to 


number of teeth of cam gear Z, 


number of teeth of driver gear ty 





r consists of a basic and significant ratio, plus this small amount 
of progression. Since each cam rotation provides two crossovers 
the gear ratio will be 


r= 2/8 + x. 


The progression per winding cycle will also be affected by 2/n, so 
we can rewrite the equation above to read: 
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2X NM 2 xX 1.25 xX § 
Y= 2/8 So Of SO 
nxN xX q nxqxXe 


By counting N and n of a given coil, the left hand formula can 
be used to recalculate the gear ratio used in winding a certain coil. 
The right hand formula is suitable for coil design and was first 
expressed by Dr. A. W. Simon as follows: 


y = (2/n)[l + 1.25 x 8/e X q] 


The following Fig. 68 will aid in the understanding of the geo- 
metrical problem 


cam size = coil width 

coil form diameter 

total wire diameter 

number of crossovers per turn 

number of crossovers per winding cycle 
circumference of coil, equal to one 

coil turn of 360° 

length of one winding cycle 
circumferential length occupied by one 
crossover 


aS soma 
Hee HUT 


<= 
ll Il 


“N“BENDS 


“N“WIRES 





Ficurs 68—Surface pattern of a universal winding. 
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‘he example shows a surface pattern where 


n =2 and q =2 


17. SURFACE AND WALL PATTERNS. It will be found 
that a woven layer of a universal coil actually consists of two layers 
of wire. ‘The woven layers may be thought of as similar to the 
layers of a roll of tape. 


The layering will be called progressive if the sequence of bends 
advances opposite to the winding direction*, see Fig. 69-A, it will 
be called retrogressive if the crossovers advance in the winding 
direction, see Fig. 69-B. 


\\ \ 


PROGRESSIVE RETROGRESSIVE 


Ficure 69—Types of universal layering. 


Progressive gear ratios are larger than the ratio 2/n, retrogressive 
ratios are smaller. Both type windings have the same mechanical 
stability, electrical differences are negligibly small, so that the 
choice of either one is merely a matter of preference. 


A universal winding will be self-supporting only if the angle 
between the wire and coil axis lies between the indicated limits. 
However, the described angle increases as the coil diameter and 
its circumference increases. It is therefore necessary to select the 
number of crossovers per turn in such a way as to provide the 
smallest possible angle at the start of the winding, that is prefer- 
ably 78°. 








*As found on Geo. Stevens Mfg. Co. models 120, 125, 220, and 225 
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An alignment chart in the appendix is given to aid in the selec- 
tion of the proper number of crossovers per turn n. 


Once the number of crossovers has been determined, another 
alignment chart specifically for that number of crossovers is pro- 
vided, and with 6 and c, being known quantities, the gear ratio r 
can be found very easily. 


Looking at the side of a universal coil, a wall-pattern will be 
noticed which is formed by the bends of adjacent layers of wire. 
Two types of wall-patterns, spirals or spokes can be found. See 
Fig. 70. 





Ficure 70—W all patterns of universal windings. 


An integral number of bends counted at one edge of the coil 
will result in spokes, since the bends of one layer come to lie 
exactly atop of the bends of the previous layer. A non-integral 
number of bends will result in spirals. A slight curvature noted 
on the spokes is due to the circular rise of the winding arm. 


It may happen during the process of winding that the tension 
of the wire will twist the layers closer to the center. An irregular 
wall-pattern will appear as a result, and electrical characteristics 
will then vary from coil to coil. Careful wire tension adjustment 
will eliminate this occurrance. 


The number of layers per coil will be equal to the total number 
of turns, divided by the number of turns per layer. 


The number of turns per single layer will be equal to the num- 
ber of spokes or spirals divided by the number of crossovers per 
turn. 
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The number of single layers per coil will provide some data to 
predetermine the distributed capacitance of a coil, provided the 
insulation and impregnation are analysed with respect to their 
dielectric properties. 


In production, uniformity and speed are two desirable qualities 
brought to the coil designer's attention. In order to keep an 
accurate turns count, it is helpful for the winder to start the coil 
with the guide in the left hand position at all times. Often the 
start and finish lead and tap have a certain location on the coil 
form, and start and tap should be performed with the guide always 
in the same position. This can be done easily by selecting a gear 
ratio and a turns count to conform to the following rule: 


Select an integral number of bends at the coil edge, 
and 

Select the number of turns as an integral multiple 
of the number of turns per woven layer. 


l'ig. 7] shows a selection of various patterns, each signified by its 
number of crossovers per turn. ‘he pattern represents the approxi- 
mate position of the wire center, neglecting the progression. It 
shows the face of one complete winding cycle. 


Tach pattern is accompanied by: 


” = number of crossovers per turn 
@ = number of crossovers per winding cycle 
q/nm = number of turns per winding cycle. 


In general, it can be said that patterns like the one for n — 2 
will provide a tight layer packing, and those like m = 14% will be 
loose packed and therefore provide less distributed capacitance, 


A loose wire packing also can be obtained by entering gear ratio 
considerations with a larger value for 6, the total wire diameter. 


The wire diameter including all wire insulation should always 
be measured before 6 1s entered into cither one of the formulae. 
An accurate measurement will be obtained by winding a close- 
parallel coil of 100 turns of wire (guide the wire by hand), Measure 
the length of this coil with a conventional steel-uler having a 
fractional inch scale and convert into decimals. ‘The number 
obtained divided by 100 will give a very accurate value for 8. 


This procedure is generally recommended since wire tables do 
not give uniform data for the thickness of the wire insulation. 
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Ficure 7i—Kecommended surface patterns for 
universal windings, see text. 
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18. THE PRACTICE OF GEAR RATIO AND GEAR 
SELECTION. 


Nomenclature: 7 number of crossovers per turn 

gear ratio; cam gear over driver gear 
total wire diameter including insulation 
cam size equiv. to coil width 

crossovers per winding cycle 

coil form diameter 


ou We 


a § Gs 


The first step is the selection of the number of crossovers per 
turn. It is 


2xd 
3X ¢ 

n will turn out to be a fraction or a whole number plus a frac- 
tion. It is advisable to choose the nearest smaller whole number 
or simple fraction or whole number plus a simple fraction in order 
to obtain a good pattern, The layout of patterns in the previous 
section will help in finding a suitable value for n. 


a 


The value of g will be found to be twice the numerator of 


Ml 


> 
where the fraction is written in its lowest terms. For the value of 
n = 2 (for example), n/2 = 1/1 where 1 is the numerator and 
2x1 = 2 is the value for q. For n = 3. nf2 = 3/2 and 2X3 = 
6 = q. Or we have n = 2¥2and n/2 = 242; 2 = (3/2) :2=3/4, 
and we will find 5 being the numerator and 25 = 10 = q being 
the value sought. 


With all values known at this point we can use the formula from 
Section 16. 


=> (2/1) [1 + 1.25 ~ 8/q mK c] 


The accuracy with which each value should be considered is as 
follows: The wire diameter should be measured accurately to four 
places. For the finest wires five places behind the decimal point 
are sufhcient. The coil form diameter expressed in 1/1000 of an 
inch with + 10% will suffice. The cam size given in 1/1000 inch 
can be read from the cam itself. Finally r should be calculated to 
at least four places for windings with textile served wire, to five 
places for plain coated wire. 
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Once the gear ratio has been determined, a set of gears should 
be found whose ratio of teeth 1s equivalent to r. ‘The simpler way 
to do this is to use a slide rule. The ratio is set on the D scale, and 
a point is sought at which one whole number on the D scale 
and one on the C scale coincide, ‘The example in Fig. 72 shows a 
ratio y = 2.0666 set on the D scale and the coinciding numbers 
62 on the D scale and 30 on the C scale, where 62 will be the cam 
gear and 30 the driver gear. ‘This method, however, is highly in- 
accurate and should be followed only for rough estimates. 


A better method of finding the proper set of gears employs a 
table of reciprocals. As will be found in most cases, the ratio r will 
consist of a whole number plus a simple fraction. The whole num- 
ber will be recognized as being equal to 2/n and the fraction as 
the additional (2 * 1.25 * 8) ; (n qc) which we we call x 
in order to simplify the explanation. Now we have 


T= 2 LE & 


By looking up the table of reciprocals we will find the value of x 
or a reasonably close value as a fraction. For example, r = 1.016] 
which is r = 1 + 0.0161 and our x will be 0.0161, r = 62/62 + 
1/62 which equals 7 = 63/62, exactly the gears we were secking, 
The fractions can also be found with the aid of a slide rule. 





Ficure 72—Selection of gears by means of a 
slide-rule. 


Often the significant number for 2//n cannot be found so easily. 
The knowledge and study of various possible patterns therefore is 
of great help. The gear ratios for retrogressive layering, for example, 
will look somewhat different. It is 

y= 2/atl! — L256/ge) pr = S/n — x 


In other words, the fraction will be subtracted from 2/n. 
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For various numbers of crossovers we will have 


Progresstve Relrogressive 
n= 1/6 | P= Wee, OG r= I2—-x 
n=i1/ s, SS Nee r= 8—-x 
n= 1/3 ; T= 8-4 r= 6—x 
n= 1/2 r= 443 r= d—<* 
as J r= 2+% r= 22% 
n = 1-1/2 r= 4/3+ x r= 4/3 — x 

etc, 


Finally it should be pointed out that it is wise to spend some 
time and effort to calculate and select gears carefully. With con- 
ventional sets of idler gears, over 40,000 gear combinations can 
be mounted in a standard gear box. To find the proper combina- 
tions just by trial and error is rather time consuming. 


CHAPTER 4 
THE PROGRESSIVE UNIVERSAL WINDING. 


Il. THE CONSTRUCTION OF THE PROGRESSIVE UNL 
VERSAL WINDING. The progressive universal winding can 
easily be visualized by recalling the construction .of the universal 
type winding. Remember that the layers of a universal winding 
are similar to the layers in a roll of tape, and that if the center layer 
of a roll of tape is pushed out, and the other layers are made to 
follow, the roll of tape will become a tube whose wall is a con- 
tinuous spiral of tape. 


The construction of a progressive universal coil is almost identi- 
cal to this spirally formed tube of tape. Each layer is woven in 
the previously described universal winding manner. Simultane- 
ously, while the wire guide is oscillating, the rotating coil form 
moves axially in one direction, passing the wire guide, thus forming 
the coil as interwoven layers of wire in a continuous spiral. 


Adjacent layers of woven wire may either overlap cach other, or 
they may touch one another, or there can be a space between them. 
The coil consisting of overlapping layers is of prime interest. 


The amount of overlap necessary for a given wire size should 
be determined first, since the length of the winding and the num- 
ber of turns are usually the fundamental data from which the coil 
must be constructed. The wire size and form diameter are next 
in importance. A compromise between these values, which permits 
a favorable amount of overlapping, should be most desirable. If 
the allowable length for the winding is called / and the total wire 
diameter is 8. we will have 


ve) = T 


If we denote by W, the total number of turns for the completed 
coil, the factor expressing the overlaping will be equal to W/T. 


Best results are obtained when the 1/T factor is a little less 
than two. When the factor is slightly more than one or a little 
over two, the wire will slip and form an irregular winding. If the 
factor is less than one, a single layer winding should be employed. 
When the W/T factor is larger than three, the resulting coil will 
usually have an ugly shape. 


The universal cam should be selected so as to provide at least 
five turns of wire per cam throw. The number of turns per cam 
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throw for a tight progressive universal winding will be consider- 
ably less than the number of turns per cam throw on regular uni- 
versal coils. This is due to the increased spacing between adjacent 
turns of wire in the progressive universal coil. 


Fig. 73 shows a typical progressive universal coil. 
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licure 73—Typical progressive universal winding. 








As the coil form rotates, and the shuttle mechanism guides the 
wire in its predetermined place, weaving a typical universal coil 
pattern, the progressive mechanism moves the coil form past the 
wire guide, parallel with the oscillating motion of the wire guide, 
The progression of the coil form is directly related to the revolving 
main shaft by which it is carried and rotated. he rate of pro- 
gression is determined by interchangeable gears, mounted on the 
rear wall of the machine head. 


‘These progression gears establish the revolution of the rack pin- 
ion in relation to the main shaft. The pinion, in turn, drives a 
tack which moves the coil past the oscillating wire guide. ‘The 
oscillations of the wire guide are caused by a revolving heart- 
shaped cam, the revolution of the latter being directly related to 
the revolution of the main shaft by means of interchangeable gears 
mounted inside the gear box on the front of the machine head. 


Simply stated, the progressive universal winding machine is a 
combination of two previously described machines, the rack driven 
machine and the universal winding machine. 


2. THE PROGRESSIVE UNIVERSAL WINDING MaA- 
CHINE.* Fig. 74 shows a schematic view of a progressive universal 
winding machine. The main shaft (1), is driven by an electric 
motor. At (2), we have the telescopic extension carrying the man- 
dre] and held by an arm (3), which is affixed to the rack (4), in 
front of the machine. The rack is driven by the pinion gear (5), 
a crank and a friction clutch are provided to permit the rack to 
return to its starting position. The progression gears are shown 


"Geo, Stevens Mfg. Co. model 125, model 225, U.S, Pat, No. 2,650,768 
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under (6), and the universal gears under (7). The cam which 
oscillates the shuttle mechanism is seen under (8), and the wire 
guide under (9). 





Figure 74—Mechanism of a progressive universal 
winding machine. 


Counters, wire tensions, chucks, collets and arbors are similar 
to the ones previously described. ‘The progressive universal wind- 
ing machine can also be operated by a cam driven traverse bar 
instead of the rack drive. ‘The advantage of the cam drive lies in 
its provision for winding progressive universal coils having a vari- 
able progression. 

The wire guides are usually tilted (See lig. 75) when winding 
progressive universal coils. Otherwise the adjustment is the same 
as for universal windings. Winding needles or winding fingers as 
shown in Fig. 47-A and Vig. 47-16 are the recommended types of 
guides. 


Ficure 73—Tilted wire guide. 


3. GEOMETRY OF THE WINDING. The progressive uni- 
versal winding can be derived from the regular universal winding, 
Fig. 76 shows the wire position on the developed coil surface of 
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two consecutive turns. The illustrated winding has two crossovers 
per turn (” = 2) and a progressive layering. ‘The use of the word 
progressive in connection with the coil layering describes the 
circumferential direction in which the layering proceeds. This 
should not be confused with the same word applied to describe 
the type of winding, where the application of the word refers to 
the axial advance of the winding. 


PROGRESSION OF COIL FORM 


FIRST TURN 





SECOND TURN 


DIRECTION 
OF TURN 
AS SEEN 


ON COIL 
SURFACE 


Kicure 76—Basic geometry of a progressive universal 
winding, showing two turns of wire and featuring two 
crossovers per turn. 


By comparing the strokes A and B in Fig. 76, it will be noted 
that the spacing between adjacent turns is closer in A and wider 
in B. 

It will be remembered that the weaving action of the wire guide 
consists of forward and backward strokes parallel to the axial direc- 
tion of progression. These strokes cither aid or oppose the pro- 


gression, thus causing the inequality of wire spacing between A 
and B. 


As previously stated, during the discussion of the regular uni- 
versal winding, the minimum center distance permissable between 
adjacent turns is 1.25 8, where 8 is the total wire diameter includ- 
ing all insulation. This minimum distance must be maintained 
where the stroke of the wire guide is opposed by the travel of the 
coil form bringing the wires closer together.* 


In general, it will be found that a gear ratio employed for the 
universal shuttle oscillation must provide a looser winding for the 
“This pertains to progressive layering. Retrogressive layering will result in less 


space during the aiding stroke and in a wide space during the opposing 
stroke. 


WINDING PATTERNS 83 


progressive universal winding than for the corresponding regular 
universal winding. 


The formula to determine the ratio employed to wind a regular 
universal coil was found to be 
r= 2/n(l + 1.258/qce) 
where the (+) sign was taken for progressive and the (—) sign 
for retrogressive layering. 


The progressive universal winding requires the circumferential 
advance per crossover and winding cycle to be increased to keep 
the wires apart during both strokes. The amount of imcrease as 
given by Dr. A, W. Simon is 


é => p/ne 
where 7 is the number of crossovers per turn, ¢ is the cam size, 
and # is the pitch of the winding, expressing the axial advance of 
the coil form in inches per turn . 
fis found to equal //t, where ¢ is the number of turns per inch. 


‘The small yalue for e is added to the fraction which represents 
the circumferential advance during each winding cycle. hus the 
formula to determine the gear ratio employed to actuate the 
shuttle while winding progressive untyersal coils is 

n= Pin pl se fe - 125 8fge) J 


The formula, as it is represented, proved to be satisfactory, 
though Dr, Simon recommends a higher accuracy which can be 
obtained by solving for r as follows: 


f= (2/ay Ti je a at =p Be  a® — 27] 


where the parameters are given as 


a = s/qc 
b= ns gq nw a 
e => p/ne 


All other symbols are equivalent to those used in the explanation 
of the regular universal winding. 


4, WINDING PATTERNS. The number of crossovers per turn 
is mainly responsible for the appearance of the wound coil surface. 


Three major variations can be observed. Coils having an even 
integer as the number of crossovers per turn will show the most 
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uniform pattern. Coils with a fractional number of crossovers per 
turn and those with an odd integer as the number of crossovers 
per turn do not always provide uniformity. Their appearance is 
often confusing. Since the choice of such patterns does not pro- 
vide for electrical advantages, their construction should not be 
considered. By selecting a suitable cam size, a progressive universal 
coil can, in most cases, be designed to have an even integer num- 
ber of crossovers per turn. 
. 
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Progressive Layering Retrogressive Loyering 


n=2 n=2 
Ficure 77—Left-hand ridge progressive universal coil 
and corresponding surface patterns. 

A further modification in the appearance of a coil can be ob- 
tained by either using progressive or retrogressive layering. The 
direction in which the coil form moves during the winding pro- 
cedure can be reversed. ‘This results in a right hand or left hand 
ridge on the surface of the coil, The following Fig. 77 and 78 show 
four basic appearances, the geometry of which can be studied. 


5. THE PRACTICE OF CALCULATING THE GEAR 
RATIO. In most cases the length of the winding / and the num- 
ber of turns W are the fundamental data, together with the total 
wire diameter 3 and the coil form diameter d 
W § 
l 
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will express the factor for overlapping, as mentioned at the begin- 
ning. If this factor is just a little smaller than two, it will guar- 
antee the most stable and uniform winding. If the factor is equal 
or less than one, a single layer winding should be employed. If 
larger than three, the coil will take a rather ugly shape, and the 
regular universal winding might yield better results. 
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Figure 78—Right-hand ndge progressive universal 
coil and correspondmg surface patterns. 


‘The number of turns per inch / will be found from 
iV 


or = 
l 
and the ratio of the progression gears to be mounted into the rear 
of the machine results in; 


t , 


Yr, = ——= 
95.49 z, 


Once a set of gears has been found for r, the exact pitch » must 
be determined: 
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At this point n, the number of crossovers per turn, should be 
chosen as a compromise between the universal cam and the form 
diameter. The alignment chart in Fig. 79 will be of great help. 
It also gives the value for g, the number of crossovers per winding 
cycle, 


FORM DIA, 
d= 100— i De 
| 
= is CAM SIZE 4 a 
| | 
“$-5/32 og #/S2—7 Z 6 
5 = 
3/16 | 
a 16 —— 
— i. _ = 
any 3/32 00 3 hee 
300— i/8 
: 
400 {3/8 3/16 F200 
\/4 ax, 
a2 5S = | 2 
500-3 \/2 es aA 
+5 /2 Ee 
a 3/4— 2/3 2 
| —= 1.000 
ese ee ea0 1/2 2 


a Sad \3—— 2 
| 3xec 
5 angen md 2 


Ficuxe 79—Alignment chart, to be used when choos- 

ing cam size and surttace pattem. The surface pattern 

is characterized by its number of crossovers per turn 

n and its number of crossovers per winding cycle q. 

Always align slightly above or precisely at the chosen 

value for n, in order to maintain an angle of at least 
78° between the wire and axis of the cail. 





With the aid of these values, we will find r, the universal gear 
tatio, according to: 


ry = 2/n[l= (e + 1-25 8/qc) ] 
where ¢ is found from: 


= p/ne 
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‘The gear train to suit ry can be found in the previously described 
way by using a slide rule or the table of reciprocals. 


6. VARIABLE PITCH PROGRESSIVE UNIVERSAL WIND- 
ING. Permeability tuned receiver equipment sometimes requires 
the use of high O-coils whose inductance can be varied in a certain 
geomctrical fashion by inserting an iron core. 


The variable pitch progressive universal winding is often em- 
ployed to wind such coils, whereby the progression of the coil is 
varied in such a manner, as to provide a certain characteristic of 
inductance versus core position. 


‘The machine* employed in this type of winding resembles 
closely the previously described, progressive universal machine with 
the exception that the traverse bar is operated by a cam instead 
of a pinion gear. Fig. 87 illustrates the machine which can also 
be thought of as a combination of a universal winder and a cam 
driven machine. 


All gears ratios can be calculated with the aid of formulae 
previously provided for the linear progressive universal winding, 
with the exception of the progression gear ratio r, which can be 
found from 


3.6 W 


y= 
a 


where a 1s the degree of active cam rotation which correspends to 
the cam excursion equivalent to the length of the winding, W is 
the number of turns per length, 


The value for p, the progression (in inches per turn), should be 
selected to equal the largest pitch provided by the variable pitch 
cam. Since most cams of this type are shaped by hand, following 
a cut and try method, the value of # should be measured rather 
than calculated. It will be of help to refer to the section on linear 
and variable pitch cams, which contains more detailed information 
tegarding cam design. 


*Geo. Stevens Mfg. Co. models 125 AVP, 225 AVP 
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Ficure 80—A yariable pitch progressive universal 
winding machine. 


The variable pitch progressive universal winding machine as 
shown in Fig 80 is probably the most versatile machine, since it 
can be used to wind all four types of winding described in the 
previous sections. 


Joyner, A. A., and 
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Symbols. The following symbols appear through— 
out the book: 


a, by definition, a = sfac, also indicates 
Spacing of "pi" coils. 
b, by definition, b — ns/q-d. 


¢, tam 51ze, measured in inches, 
d, dowel diameter, measured in inches. 
é, by definition, e = p/ne 


1, length of winding. 

n, mumber of crossovers per turn, pertaining 
to universal windings. 

Pp, pitch of winding, p = l1/t. 

qa, number of crossovers per winding cycle, 
pertaining to universal windings. 

Yr, gear ratio, ratio of the number of teeth 
on the driven gear to the number of teeth 
on the driver gear, 

My = BafZes To = Bef Bry Py = Bf ye 

S, ecenter spacing of parallel wires, measured 
parallel to the coil axis. 

t, number of turns per inch, (tpi). 

w, circumferential distance covered during 
the winding of one winding cycle. 

Xx, Universal progression or retrogresSion as 
measured along a coil edge. Expressed 
as a fraction of the coil circumference. 

¥,; circumferential distance covered during 
the winding from one crossover to the next. 

Zz, number of teeth for gear or rack, 

z, number of teeth on cam gear, 
universal mechanism, 

Z, number of teeth on driver gear, 
universal mechanisn, 

z, number of teeth on driven gear, 
progressive mechanisn, 

Zz. number of teeth on driver gear, 
progressive mechanisn, 

Zz, number of teeth on idler gear, meshing 
the driver gear, 

z, Mmumber of teeth on idler gear, meshing 
the driven or cam gear. 

N, number of spokes or spirals per coil 
circumference. 


ex DS sh 


- 


Ws 
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inherent pitch of a winding machine; the 
pitch wound by a machine if a 1/1 gear 
train is inserted. For cam driven machines, 
P equals the inherent pitch of cam and 
machine combined. See text. 


number of turns per layer, 

number of turns of one section of a 
multisSection coil. 

total number of turns of a reactor or coil. 
(betta) cam follower angle of climb. 
(gamma) angle of active cam section. 


(delta) total wire diameter including all 
insulation, measured in inches. 


(pi) equals 5.1416. 


Abbreviations. The following abbreviations 
appear throughout the book: 


AWG, 
deg, 
dia, 
Le: 
max, 
min, 
rpm, 
tan, 
tpi, 
tpl, 


American Wire Gauge 
degree, angular measure 
diameter 

inch 

maximum 

minimum : 
revolutions per minute 
tangent 

turns per inch 

turns per layer 
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Glossary of Terms which are Common to the 
Coil Winding Industry 


arbor, device for holding the coil form, 
which in most cases is a tube, to 
the main shaft of the winding 
machine. 


chuck, device for clamping a solid coil 
form to the main shaft of the wind- 
ing machine, See Fig. 28 and 
Fig. de 


collet, function Similar to the chuck. 
Precision clamping may be achieved 
by using a collet instead of a 
chuck, see Fig. 28 and Fig. 6. 


mandrel, a slightly tapered, round core upon 
which a coil is wound and slipped 
off after completion. 


pi-coil, coil or inductor consisting of two 
or more separately wound sections 
which are placed in parallel on one 
common coil form. 


bobbin, body with flanges on which wire 
is wound giving Support to the 
coil, the bobbin being part of the 
finished coil. 


spool, usually a round cylinder with 
flanges. Supply wire is wound on 
a spool for storage. 


capstan, drum around which wire is placed 
to apply tension to the running 
wire. A brake attached to the drum 
controls the amount of tension. 


tension, force opposing the motion of the 
wire while being fed to the 
winding machine. 


shuttle, mechanism which causes and trans- 
fers a reciprocating motion. A 
shuttle of a universal winding 
machine consists of a cam, a yoke, 
a rod and a guide arm. 


idler gear 
assembly, 


universal 
winding, 


progressive 
winding, 


progressive 
universal 
winding, 


tap, 


core, 
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usually two or more gears, meshing 
a driver and a driven gear. It 
changes the gear ratio of the 
driven to the driver gear by a 
factor significant to each set of 
idler gears. 


type of winding in which the wires 
cross each other ina definite 
angle to the coil axis. 


type of winding in which the wires 
run parallel and at a right angle 
to the coil axis. 

Each subsequent turn follows 
parallel to the previous turn in 
the direction of the coil axis. 


type of winding where universally 
woven layers of wire are placed 
in a Spiral around 4 coil forn, 


intermediate connection made be- 
tween the ends of a coil, 


terminal, indicator or marker. 


internal part of a coil between the 
axis and the winding; that part 

of a coil which carries the 
strongest concentration of electro- 
magnetic flux. 


GEAR CHARTS for SINGLE and MULTI 


LAYER WINDINGS 


The gear charts listed contain only a limited 
number of gear trains. The range of these charts 
was choSen on the basis of the most practical 


dimensions. 


The possible uses of winding 


machines go far beyond the range of the charts 


given. 
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CHART I, page l. 


GEAR CHART FOR CAM DRIVEN WINDING MACHINES. 
Internal machine ratio 100:1; Using 180° cams 
(heart shape) r=t/P; P=50/ce; r=T/50; T=turns 
per layer. 


T D'r Id. D'n T OD'r Id. Din T Dtr Id. D'n 


75 
79 
79 
f 
75 
73 
75 
79 
75 
79 
75 


SAGARA 





cont. 
D'r Driver Gear; D'n Driven Gear; Id. Idler Ratio 
Idler gear assemblies may consist of the follow- 
ing gears: 1/2—40/80; 1/1=—60/60; 2/1—80/40; 
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7 CHART I ,page 2. 


[eb i om | pe we bm [ot Diem. Dia 





3 32 -2/E LLG 
LB 33 2/1 115 
52 2/1 120 


31 2A 119 
388* 36 2A 140 
392 25 2A 
9% 25 2A 99 
30 2A. 120 
kok 27 2A 109 
25 2A. 102 


/l 
/l 
/1 
/l 
/l 
/l 
/1 
ral 
/l 
/1 
, 
/l 
rf 
/1 
/l 
/1 
fl 
/l 
/1 
/. 
/1 
/l 
fl 
fl 
/l 
/l 
/l 
/l 
/l 
/l 
/l 
Al 
/l 
/1 
/1. 
/i 
/l 
/1 
/1 
/1 
/l 
/l 
/l 
/l 
2/1 
or 
2/1 


*If diameter of gear should exceed size of gear box,as it may 
occur on some machines,search for other combination having the 
same ratio of OD'n /D'r ,»thereby using idler specified, 
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T D'r Id. D'n 


CHART I ,page 3. 


35 





135 00 . 1 
132 (* see previous page) 
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GEAR CHART FOR SCREW TRAVERSE MACHINES. CHART II ,page 1. 


Internal machine ratio 20:1 ; Pitch of traverse screw 10 $ 
r t/200 ; t turns per inch ;for close wound coils t 1/ . 


t Dir Id. D'n © Dir Ide D'n t D'r Id. D'n 
tho 100 1A 70 


179 85 1M 7 
cont. 
D'r Driver Gear 5; D'n napa Portal May ace SESAD 
Idler gear assemblies may consist o e fo ng ge s 
1/2 48/80 or 30/60; 1/1 60/60 ; 2/1 80/40 or 60/30. 
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CHART II ,page 2s 


1/1 
1/1 
1/1 
1/1 
1/1 
LAL 
1/1 
1/1 
1/1 
1/l 
+1, 
1/1 
1/1 
rf. 
1/1 
1/1 
1/1 
1/3 
1/1 
1/1 
1/1 
if 
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USE of ALIGNMENT CHARTS for CALCULATING 
UNIVERSAL GEAR RATIOS 


The calculation of gear ratios iS done 
in two steps: 


First, the form diameter d, and the cam Size ec, 
must be eStablished. With these values, the 
number of croSsovers per turn n, 1S determined 
by using the alignment chart for 


n = 2d/sec 


Find established values for d and ¢ on corre- 
Sponding scales. Place a straight edge (piece 
of wire or edge of paper) across chart, so that 
it intercepts both values. The extension of 
this line on the third scale will indicate the 
desired value for n, the number of crossovers 
per turn. If the answer is found to be between 
two numbered points of the scale, Select the 
lower of the two numbers. 


Secondly, a separate chart is given for each 
number of crossovers per turn. These charts are 
labeled by the specific number of crossovers 
per turn n. The value for 6, must be measured. 
Find measured value for 5, and establish value 
for c, on corresponding scales and align charts 
as previously described. The resultant value 
will be r, the gear ratio. 


A limited selection of gear trains is5 provided 
parallel to the scale for r. Suggested gear 
trains can be used to wind universal coils. 
The advanced coil designer may choose his own 
gear trains using the table of reciprocals. 


If the proper gear ratio falls in between two 
listed gear trains, use gear train above 
line of interception. 
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NUMBER OF CROSSOVERS PER TURN, n = 


COIL FORM DIA 


d=.100 
a 


.200 


.300 


400 


200 


1.000 
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CAM SIZE 


.050 


100 


300 


-400 
500 





n= 2d/3¢ 


n given for 78° (see text) 


EXAMPLE : d=9/32, c=5/32,n chosen 1 
ONCE n HAS BEEN ESTABLISHED, 
USE CORRESPONDING ALIGNMENT 
CHART ON FOLLOWING PAGES. 


Se 
.200 = 
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LIST OF STANDARD WINDING MACHINES WITH 


GEAR FORMULAE 


This List contains the catalogue numbers of 
some of the machines made by the Geo. Stevens 
Mfg. Co., together with the formula for the 
determination of gear ratios. 


Rack Driven Machines 


Model 125 


Model 130 


Model 131 


Model 155 


Progressive Universal Winding 
Machine (rear gear box only) 


r = t/95,.49 
Space Winder 
r— t/95.49 
Resistor Strip Winding Machine 
r= t/95.49 
Space Winder 
r => t/31.83 


Cam Driven Machines (using 180° cams) 


Model 16 


Model 38-AM 


Model 39 


Model 115 


Model 118 


Model 125-VP 


Heavy Duty Winding Machine 
= T/50 
High Speed, Fine Wire Winder 


r= T/50 

Miniature Coil Winding Machine 
r= T/50 

Standard Bobbin Winder 

r = T/650 


Variable Pitch Winding Machine 
(single layer) 
r = ‘T/50 


Variable Pitch Progressive 
Universal Winding Machine 
(rear gear box only) 


Y= T/50 


APPENDIX 125 


Traverse Screw Driven Machines 
Model 37-=S Multiple Paper Section Winder 


ris t¥i50 
Model 112 Bobbin Winder 
r = t/200 
Model 117-A Bobbin Winder 
r = t/150 


Universal Winding Machines 
Model 120* Universal Winder 


rs S/n (1 + 1.256/qe) 
q = 2i,, where n/2 = ij/1:. 
is written in its lowest terms 
n = 2d/sc, for 78° 
*(Also Models 125 and 121) 


Progressive Universal Winding Machines 


Model 125 Progressive Universal Winder 
r= 2/n [1 + (e + 1.253/qce)] 
e = p/nec 
p = Z,/95.492Z,, 
Ba LST 
Equations 
Pe 6/o2 SC aa (FS RS ES ot 
t => Lft: tf = 1/t 
T= 1t.xX% @: 2} = Te 
P= 2,2,/2,2; 
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Page 60, 


Appendix, 


Appendix, 


ERRATA* 


sixth line from top: 
to read. Section 6 
instead. Section 5 


Chart Il, page 1, Gear Chart for 
Screw ‘Traverse Machines, text on top 
to read; 

Internal machine ratio 20:1; Pitch of 
traverse screw 10; r = t/200, 

t = turns per inch; for close wound 
coils t = 1/§ 

text at bottom to read: 

D'r = Dnver Gear; D'n = Driven 
Gear; Id, = Idler Ratio. Idler gear 
assemblies may consist of the follow- 
ing gears: 

1/2 = 40/80, or 30/60; 

1/1 = 60/60; 

2/1 = $0/40, or 60/30, 

Chart V, page |, Table of 
Reciprocals, ninth line from bottom, 
left hand side: 


to read, 

x l/x 

5] 019 608 
instead 

x 1/x 

5] 091 608 


* (Coil Winding, Geo. Stevens Mfg. Co. 


Ist edition) 


